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THE INDUSTRIAL PROBLEM IN AUSTRALIA. 
By Edmund Mitchell, M. A. 


N no part of the world has the struggle between organized 

] labor and organized capital been more severe, determined, and 

continuous, during the past five years, than in Australia. 
There has been no actual bloodshed, as in the case of the Home- 
stead strikes in America; but there have been present most of the 
other elements of war,—bitter animosity, ceaseless vigilance en- 
gendered by mutual distrust, fierce recrimination, widespread dis- 
tress and ruin, involving not merely the combatants but thousands 
of innocents as well. Besides skirmishes of minor importance, there 
have been four pitched battles, for the fighting of which all the 
resources of the opposing bodies have been concentrated. First 
the unionist miners in the coal district of Newcastle tried conclu- 
sions by declaring a strike ; then the sailors and firemen threw up 
their work, and dragged into the dispute the wharf-laborers, gas- 
stokers, shearers, and other associated trades ; next the shearers 
did battle on their own account throughout Queensland, New South 
Wales, and South Australia ; and finally at Broken Hill, the last 
and best munitioned stronghold of the New Trade-Unionism in 
Australia, the Amalgamated Miners’ Association rushed headlong 
into a fourth conflict with the employers. 

It has to be noted that in no single instance did these disputes 
originate from or hinge upon a disagreement as to wages. Brush- 
ing aside a few minor issues involved, we find that the one cause 
of quarrel throughout was the demand on the part of the strikers 
for the exclusive recognition of unionism and the firm determina- 
tion of the employers to refuse to concede that demand. Had the 
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INDUSTRIAL PROBLEM IN AUSTRALIA. 


unionists won the day, there can be no doubt that every worker in 
Australia earning his living by the sweat of his brow would have 
been compelled to join one or other of the labor organizations and 
place himself under the domination of the small cliques of indi- 
viduals in the big cities who make of labor agitation an exhilarat- 
ing and lucrative profession. As it was, the employers were fight- 
ing with their backs to the wall, for the exclusive employment of 
trade unionists involved the inevitable sequel of trade-union con- 
trol of the workshops, factories, wool-sheds, steamers, and mines ; 
therefore, every individual consideration had to be sunk in the 
combined determination to win. And they did win, leaving the 
trade-union bodies at present disintegrated, their accumulations of 
money dissipated, their leaders thoroughly discredited. The two 
main results brought about by the five years of incessant fighting 
count heavily against the trade-union organization. These are, 
firstly, vast combinations of employers prepared at a moment’s no- 
tice to waive every selfish consideration and act loyally together as 
one man; and, secondly, a fixed determination among all classes 
of the community that the principle of freedom of contract, or 
the right of every man to earn his living whether he be a trade- 
unionist or not, shall be maintained at all hazards. 

To show howthoroughly labor militant in Australia has forced 
employers to combine in self-defence, let me take the great wool- 
growing industry, which adds yearly to the wealth of these colonies 
from £ 20,000,000 to 425,000,000. The lethargy and lack of co- 
hesion among the pastoralists enabled the shearers’ union three 
years ago, to acquire a position of almost despotic power. Its 
leaders boasted that they controlled the shearing in 95 per cent. 
of the wool-sheds. In the framing of the rules which regulated in 
every detail the manner in which the shearing was to be conducted, 
the employer had no voice whatever ; he had either to accept them 
or to enter upon the almost impossible task of fighting the whole 
union single-handed. Every shearer was compelled to take out 
his union ticket, paying, besides entrance fees, £1 per annum for 
the privilege ; and the man who refused to submit to this black- 
mailing process was declared a pariah by whose side no unionist 
would work or eat, was hounded from wool-shed to wool-shed with- 
out the chance of securing employment, and was finally driven out 
of the industry. The weapon of the boycott was ruthlessly used 
against employers and non-unionist shearers alike, and some con- 
ception of the wide-reaching development of the system will be de- 
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SHEARERS’ CAMP, CENTRAL QUBENSLAND. 


rived from an extract from a manifesto issued by the shearers’ 
union: ‘ Weintend,” ran this official document, “to teach the 


squatter the folly of resistance to our combination. He shall notbe 
allowed to shear his wool except by union labor. But if he should 
succeed in getting the wool off the sheep’s back, it may rot in his 
sheds, for we shall prevent the carriers taking it to the railway ; 
and should he succeed in getting it to the railway, we shall pre- 
vent it going to sea, for we shall call out the sailors and the 
officers ; and if it sails, we shall prevent its discharge in London, 
for we shall call out the dock-laborers.” 

This announcement on the part of the trade-unionists of their 
deliberate intention to inflict a reeling blow upon the great staple 
producing industry of Australia for no more important reason than 
that a single back-block squatter might have refused compliance 
with the unionist demands was the death-blow to the New Trade- 
Unionism in these colonies. It effectually ranged public opinion 
upon the other side, and, when the actual attempt to enforce the 
threat was made, the shearers’ union found itself face to face with 
a combination of pastoral employers infinitely stronger than that 
of the workmen. ‘The lesson had been driven home to the minds 
of the pastoralists that employers, when taken in detail, fall an 
easy prey to organized labor, and that the only safety of each is 
the union of all. Despite the vast area of the Australian continent 
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and the isolated position of each wool grower, the movement 
spread from colony to colony, until in a surprisingly short space of 
time the combination of pastoralists had secured the control of 
not far short of one hundred millions of sheep. By combined ac- 
tion on the part of the pastoralists’ association with the ship- 
owners the attempted boycott cn wool was broken down almost 
instantly, and every bale of wool sent forward was shipped with no 
appreciable delay. 

The shearers’ union leaders considered themselves repulsed but 
not beaten, however, and the very next season (1891) they engi- 
neered a strike of shearers throughout Queensland and New South 
Wales. ‘The bitter and costly struggle thus initiated lasted over 
six months ; but the pastoralists won the fight right from the com- 
mencement, for free laborers were poured into the districts where 
the unionists terrorized the local men from working, every sheep 
belonging to members of the pastoralists’ association was shorn, and 
every bale of wool was carried to the ports of shipment. Admittedly 
the wool-growers took these lessons as to organization from the 
trade-unionists, and the latter were beaten at their own game. 

The great shearers’ strike of 1891 is typical of the labor strug- 
gles that have been going on in Australia continuously during the 
past five years, and the illustrations that accompany this paper will 
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serve to indicate the truth of my previous remark that, while there 
was no actual blood-shed, there was a condition of real civil war. 
At Broken Hill, the greatest silver-mining center in the world, the 
campaign was conducted last year on very similar lines and with 
identical results. There was a complete absence of rioting on the 
Barrier, the crowds with which the mounted troops had to deal 
being as a rule as orderly as those which annually assemble to wit- 
ness the trooping of the colors at the Horse Guards in London. 
But for all that the very worst features of the New Trade-Union- 
ism were disclosed in all their repulsive nakedness during the pro- 
gress of the Broken Hill strike. The leaders, who are now serving 
sentences in jail, showed themselves to be professional agitators 
pure and simple. Possessed of the gift of fluent speech, these 
men, not miners by calling at all, had foisted themselves upon the 
workers’ associations, and, by therhetorical trick of intflaming envi- 
ous passions and stirring up strife between the employers and the 
employed, had soon attained to positions of personal ascend- 
ancy, the toleration of which among large bodies of fairly-educated, 
self-respecting workingmen is almost incredible. ‘The strike was 
the very opportunity desired by the leaders. At one bound they 
became persons of public importance, issuing fierce manifestoes, 
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having their speeches telegraphed across a great continent, visiting 
their pickets like generals in the field, being huzzaed by the mob 
as they passed along the streets, and generally living in a constant 
vapor-bath of self-esteem and servile flattery. All these are sim- 
ply the necessary preliminaries to securing a seat in Parliament 
and what to a man of the working classes is a very large income,— 
4#,300 per annum, with no real hard work to do, with free railway 
traveling and invitations to official dinners. 

The real workers of the Barrier did not strike of their own free 
will; they were coerced into doing so by their leaders, who, as I 


NINE-POUNDER GUN FOR PROTECTION OF NON-UNIONIST SHEARERS, 


have shown, had their own private ends to serve, and who had at 
their beck and call a gang of about a thousand of the worst type 
of larrikins to be gathered together from all parts of Australia. 
The latter were men who had no honest desire for continuous 
work, who were not really miners by training, who had been forced 
upon the mining companies in the first place by the unionist tac- 
tics of threatening a strike if any refusal to their demands was 
made, and who were quite content to live in idleness for a few 
months at the cost of their fellow workers in the other colonies. 
Here is the whole secret of the Broken Hill strike, which has 
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caused such ruin among the homes of the resident miners, but 
which has had its good results in driving from the Barrier silver 
field the riff-raff whose presence was a constant menace to indus- 
trial peace. 

Prior to this great series of strikes which began at Newcastle 
and terminated at Broken Hill, the unions were in a position in the 
various industries affected to compel the employers to employ only 
unionist workers. ‘The abuse of this power, towards both employ- 
ers and non-unionist workmen, was flagrant. The trade-unions in 
Australia had become small oligarchies of labor, appropriating all 
the wages paid in certain trades, excluding interlopers by a system 
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of prohibitive entrance fees, compelling employers to retain 
the services of inefficient or mischief-making workmen, and prac- 
tically taking the whole control of each business out of its owner's 
hands. But in pursuing this utterly selfish policy the New Union- 
ists over-reached themselves. At the moment of crisis their whole 
system broke down, for the men they had excluded from their 
ranks in time of peace stepped in and took the place of the union- 
ist strikers in time of war. It afforded keen satisfaction to the 
able-bodied laborer, who for months before had vainly sought for 
work on the wharves of Melbourne, failing to get it simply because 
he was unable to pay the “5 entrance fee to the wharf-laborers’ 
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union,—to have a share of the loaves and fishes at strike time. The 
unionists on strike looked aghast at the spectacle of free laborers 
taking their places, and they reviled the new-comers as “black- 
legs,” “scabs,” and “traitors.” The truth is that the free laborers 
by their action helped to break up the most unscrupulous and sel- 
fish organizations that have ever brought discredit upon the noble 
cause of trade-unionism. The phrase “freedom of contract,” 
which is purely of Australian origin in this application, having ori- 
ginated during the simultaneous maritime strikes in Melbourne, 
Sydney, Adelaide, and Brisbane, has now come to be, not merely 
the watchword of employers, but the charter of liberty for every 
workingman in these colonies. Workers have no longer to submit 
to being bailed up for their union ticket before they are allowed to 
handle a hammer or shift a sack of wheat. Employers are now 
free to engage their hands solely upon their merits as workmen, 
and quite irrespective of their being trade-unionists or not. In a 
word, public opinion demands that no man shall be refused the 
right to earn bread for his family and himself simply because, from 
poverty, conviction, or any other motive, he declines to join a trade 
union. If Unionism is ever to recover its lost position in Aus- 
tralia, it will have to accept, not reluctantly and sullenly as now 
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after bitter defeat, but fully and freely, the principle of freedom of 
contract. It will have to recognize that, if members of a trade- 
union have their rights, precisely equal rights are possessed by the 
men who refuse to surrender their individual liberty, except in so 
far as that individual liberty is restricted by the laws Of the land, 
passed by the parliamentary assemblies elected to make those 
laws. 

It is difficult to estimate the seriousness of the check that has 
been given to the development of Australia by the industrial un- 
rest of recent years. Outside investigators, unfortunately, have 
not paused to reflect that the voice of the trade-unions, like the 
voice of the cicada, has been out of all proportion to the extent of 
their organization. It may surprise readers in America or Europe 
who have been following the labor question in Australia to learn 
that there are not more than 75,000 unionists in all these colonies. 
For this fraction of the working population to speak in the name 
of Australian labor is scarcely less absurd than were the three tai- 
lors of Tooley street, who began their famous document with the 
words: ‘“ We, the people of England.” It is needless to deny, 
however, that outside Australia, and even within the colonies, the 
trade-unions, by reason of their public prominence, have come to 
be looked upon as synonymous with the working classes generally. 
The paucity of their numbers, and their antagonism to large sec- 
tions of men who live by labor, show how mistaken is this notion. 

Why, at this moment, in a country whose resources are inex- 
haustible, is it almost impossible to float public loans? Why has 
the establishment of new industries and the extension of existing 
ones been brought to a standstill? Why are millions of pounds 
sterling being deposited with the Australian banks for investment 
elsewhere, while the land is crying out for the fertilizing stream of 
capital? ‘The answer is writ large upon the wall. Investors will 
not embark their money upon Australian enterprises so long as 
there exists no guarantee of industrial rest, no guarantee that at 
any moment contracts entered into will not be upset by a wanton 
strike, no guarantee that the blind policy of labor grappling at 
the throat of capital will be abandoned. In a word, the uncer- 
tainty of the labor question is paralyzing investment. 

A few years of “booming” and wild speculation have been 
succeeded by the inevitable collapse and period of depression. The 
whole system of immigration has been misunderstood, and, instead 
of the new-comers being steadily directed away from the thickly 
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settled districts, as in America, in Australia the four chief mari- 
time cities act as huge drag-nets, intercepting and retaining nine 
out of every ten new-comers. In consequence, these four centers 
hold about half of the entire population in each colony, and 
these armies of town-dwellers thus became comparatively useless 
manipulators of material already produced in a lend where the unde- 
veloped mineral, pastoral, and agricultural resources require every 
pair of hands that can be found. Without broaching the vexed 
question of free trade and protection, there can be no doubt that 
the protective policy of these sparsely populated colonies, directed 
towards encouraging city industries such as shoe- making, the 
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manufacture of hats, and the turning out of slop goods, is a delu- 
sion and a snare, There is an area equal to an English county for 
every man, woman, and child in the Australias, absolutely unoc- 
cupied and undeveloped ; yet we have Melbourne with a popula- 
tion of half a million souls, and Sydney almost as densely peopled, 
and in these cities we meet with poverty and distress and thou- 
sands of unemployed vainly seeking for work. Owing to this we 
find immigration to Australia inveighed against by the trade- 
unionists who are already in the country but who, remaining in the 
towns, have done little or nothing to develop its resources; and 
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we have even the astounding spectacle of the colonial representa- 
tives in London, the agents-general, warning off intending immi- 
grants from a land teeming with natural wealth and capable of 
supporting, not the four millions of people that now dot its sea- 
boards, but four hundred millions. E 

No amount of word-painting or piling up of statistics can give 
even a faint idea of the vast potential wealth of Australia. Full 
revelation only comes when one travels over the country, and, see- 
ing in patches here and there what the ‘soil is really capable of, 
finds the land a veritable wilderness with no sign of human occu- 
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pation except for a few sheep fences. The scrub has only to be 
rolled, burned off, and tickled with the stump-jumping plow to pro- 
duce harvests of wheat that cannot be beaten in any part of the 
world. The vast, perfectly flat area lying between the Murray 
and the Murumbidgee rivers has a soil rich as that of a garden, 
but it is given over to sheep, running about one to the two acres 
and producing about seven shillings’ worth of wool per annum. - In 
(Queensland, upon the savannahs stretching hundreds of miles in 
every direction, the traveler rides or drives through natural her- 
bage reaching to his buggy-poles or his saddle girths, and in a day's 
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journey sees only a few hundred sheep or a few score of cattle. 
The unbounded productiveness of these waste lands is proved 
by actual results. Australia can grow meat, butter, cheese, wine, 
fruit, and wheat for the whole world. From a few butter-factories 
in Victoria, for example, a single steamer has recently taken away 
£65,000 worth of chilled butter, and shipments are proceeding 
upon this scale weekly for three months each season, although it 
is only within two years past that the export trade in this article 
was commenced. Victorian brandy has been pronounced by the 
British medical 

journals to be 
equal in quality 
to the finest 
French cognac. 
The results al- 
ready achieved 
show almost un- 
limited possibil- 
ities for wine- 
making in Aus- 
tralia. The fruit 
trade also has 
an infinite fu- 
ture, grapes, 
peaches, apri- 
} cots, oranges, 
lemons, pears, 
apples, plums, 
pine-apples, 
and almost 
- every other 
EDMUND MITCHELL. known variety 

capable of sea transport flourishing as in the sunniest corners 
of France, or Spain, or Italy. Then, even the already impor- 
tant pastoral industry is capable of expansion, foran immense area 
of country is still unstocked, and in the wool growing districts a 
system of small farming, with cereals and stock dividing the atten- 
tion of the agriculturist, would vastly increase the productiveness 
of the sheep runs. ‘The fattening of sheep and cattle for export in 
the frozen state to the markets of Europe is an enterprise as yet 
merely in its infancy. ‘The primeval forests in many regions are 
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rich in valuable timbers, but their silence is still unbroken by the 
ring of the woodman’s axe. Instead of the three thousand camels 
now in use in the arid regions of central Australia there might be 
twenty times that number, opening up pastoral country as yet in- 
capable of occupation through the impossibility of getting up sta- 
tion supplies, and enabling gold reefs to be worked where men 
cannot now subsist for scarcity of water. 

Again, one has but to stand at Bendigo, or Ballarat, or Broken 
Hill, before the mountains of slag or quartz tailings, to realize that 
only a pinch of the mineral wealth in the bowels of the earth has 
yet been extracted. In Tasmania is the biggest tin-mine in the 
world, Mount Bischoff ; in New South Wales the biggest silver- 
mine in the world, the Broken Hill Proprietary ; in Queensland the 
biggest gold-mine in the world, Mount Morgan ; in South Australia, 
one of the biggest copper mines, Moonta,; around Newcastle, in 
New South Wales, among the most extensive coal measures any- 
where to be found. And though hundreds of millions of pounds 
sterling worth of minerals have been raised in Australia, it is cer- 
tain that thousands of millions remain to be won. Yet, despite the 
fact of an over-crowded old world, the flow of immigration to this 
great new world has all but ceased, and so far as population is con- 
cerned Australia, outside a few score of large cities and towns, is 
virtually a wilderness. 

What these colonies want are population and capital; yet we 
find an utterly selfish growth of trade-unionism doing its utmost to 
check the inflow of both. ‘Australia for the Australians!” shout 
the men who are deliberately allowing harvests of untold wealth 
at their doors to lie ungarnered. If only the colonial governments 
would throw aside the last vestige of fear of the Trades’ Halls; if 
only politicians could be found who would think more of the coun- 
try’s development than of the votersin their particular metropol- 
itan constituencies ; if only a race of statesmen were to arise who 
would resolutely burst up the city populations and take measures 
to pour a steady stream of immigration upon the soil,—then 
the progress of the Australias would amaze the whole civilized 
world. Perhaps the sovereign remedy will be found in Federation, 
which may give us, instead of half a dozen insignificant and time- 
serving legislatures, one thoroughly disinterested and representa- 
tive Parliament, to whose service men of honor, education, and 
enlightenment, who too often shrink from contact with present 
parliamentary methods, will devote their lives. 
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A DECADE OF MARVELOUS PROGRESS. 
By Richard H. Edmonds. 


HE growth of a great country like the United States can- 
not readily be comprehended except by a study of the ag- 
gregate results of the progress of a stated period, say of 

ten or twenty years. Ten years is but a brief span in the life of a 
nation, but a study of the history of this country during the ten 
years ending with 1890 will reveal a growth and expansion that 
few persons otherwise would have any conception of. Any attempt 
to estimate the future growth of the country, or to set forth the 
possibilities of the present decade as indicated by the wonderful 
advances of the last, would produce statistics that would probably 
be thought to have come from the brain of a visionary enthusiast. 
Without venturing any forecast, therefore, an attempt to point out 
the progress made by the United States in some directions in the 
last decade may be of interest. From this may be shown what 
population and production and achievement will be reached in 1900 
if the rate of progress maintained from 1880 to 18go should continue 
to the end of the century, leaving to the readers of THE ENct- 
NEERING MAGAZINE the privilege of judging whether our national 
progress will go on at a slower rate or as rapidly as in the past. 

In 1880 the population of the United States was 50,100,000 ; in 
1890, admitting the census reports to have been correct, 62,500,000 
people lived under the protection of the stars and stripes. The 
rate of increase was 24.8 per cent. The fact that this was less than 
for any previous decade in this century caused many to believe that 
the figures were too small, but, taking it for granted that these fig- 
ures approximate to correctness, we added to our population in ten 
years 12,500,000 people. What this means can be best understood 
by means of comparison with the population of the leading cities 
of the country in 1890, which was as follows : 


Cities. Population. Cirigs. Population. 
Philadeiphia .... .. .... 1,046,000 164,000 
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Rochester 133,000 
296,000 Kansas City 
261,000 Providence 
255,000 
242,000 
Washington 230,000 
Detroit 205 ,000 

Thus the increase in our population between 1880 and 1890 as 
shown by these figures was 3,300,000 greater than the combined 
population of every city in the United States of more than 100,000 
population. 

Wealth increased during the decade even more rapidly than the 
population. It was a period of such gigantic railroad and indus- 
trial developments as to have furnished a foundation for the vast 
gain reported by the eleventh census in the assessed and the true 
valuation of our property. The assessed value of property in 1890, 
excluding all railroad property, except in a few States in which it 
was impossible to separate the latter from other taxable property, 
was $24,651,585,465, against $16,902,993,543 in 1880,—a gain of 
$7,748,000,000, or 45.84 per cent. The true valuation of all prop- 
erty in the United States in 1880 was $43,642,000,000, Should it be 
found upon completion of the census inquiry in relation to the true 
valuation of property that the same relation existed in 1890 be- 
tween the assessed valuation and the true valuation as existed in 
1880, the absolute wealth of the United States in 1890 was about 
$63,648,000,000, or a gain of $20,000,000,000 in ten years, not 
counting the increase in railroad property. 

Nothing else tells the story of the marvelous progress of this 
country between 1880 and 1890 s0 well as the statistics of our man- 
ufacturing and mining interests. In the magnitude of our manu- 
factures we now lead the world, and the annual value of the output 
of our factories far exceeds the aggregate value of all our farm 
products. The exact figures are not yet obtainable, as the census 
report on manufactures has not been completed, but in a recent in- 
terview Mr. Robert P. Porter, superintendent of the census, gave 
approximate estimates. These show that the gross value of our 
manufactured products during 1890 were about $8,600,000,000, 
against $5,300,000,c00 in 1880,—a gain of $3,300,000,000. The cap- 
ital invested reached $4,600,000,000, against $2,700,000,000 in 1880. 
The increase between 1880 and 1890 in the capital invested in man- 
ufactures was greater than the entire capital so invested in 1870. 
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In ten years we added to our manufacturing capital $1,900,000,000, 
while only twenty years ago——or in 1870--the aggregate manufac- 
turing capital of the country was $1,690,000,000, The wages paid to 
the employés in manufacturing establishments in 1890 were nearly 
$1,500,000,000, or $500,000,000 more than in 1880, The number of 
hands employed increased goo,ooo during the decade, so that in 
1890 there were 3,600,000 people on the pay-rolls of our manufac- 
tories. 

If the details of our manufacturing progress be examined, it 
will be found that there has been a well-rounded growth. Every 
branch of industry has made large gains. In cotton, in wool, in 
iron, in lumber, and in all industries using these staples as raw ma- 
terials, there has been a wonderful advance. ‘The increase has 
been in the small and large industries alike. We are making more 
pins and tacks and building more great steamships ; we are making 
more coarse cotton and woolen goods and producing more fine 
cloths and silks. Every branch of industry that comes between 
these extremes has grown proportionately. In 1880 the iron- 
makers of the United States produced 3,781,000 tons of pig-iron, 
and, as that was a gain of nearly 100 per cent. over 1870, it was re- 
garded asa rapid growth. In 1890, however, they turned out 9,- 
579,000 tons, or a gain of over 150 per cent. in ten years, the total for 
1890 being more than 2} times as great as that of 1880, The actual 
increase in 1890 over 1880 was 2,000,000 tons greater than the total 
production in 1880, The 7,100,000 tons of iron ore mined in 1880 
increased to 14,500,000 tons in 1890. The total production of all 
kinds of steel in 1890 was 4,466,000 tons, against 1,100,000 tons ten 
years before. In 1880 we made 740,000 tons of steel rails, and in 
1890 we made 2,036,000 tons. The capital invested in woolen fac- 
tories increased from $159,000,000 in 1880 to $296,000,000 ten 
years later. 

Keeping pace with manufacturing growth, the mining interests 
of the country turned out $656,600,000 of products in 1890 against 
$369,000,000 just ten years before. This gain touched every branch 
of mining ; the production of coal rose during the decade from 
63,800,000 tons, valued at $95,600,000, to 140,700,000 tons, valued 
at $176,700,000 ; copper from 60,000,000 pounds, worth $11,500,000, 
to 265,000,000 pounds, worth $30,800,000 ; petroleum from 26,200,- 
ooo barrels, worth $24,000,000, to 45,800,000 barrels, worth $35,- 
000,000 ; and silver from 30,300,000 ounces to 54,500,000 ounces. 
Railroad construction progressed rapidly during the decade. It 
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is difficult to realize that, whereas we now have 170,600 miles in 
operation, we had only 93,200 miles in 1880. At the end of 1890 
we had 166,700 miles,—a gain of 73,500 during the decade, or about 
80 percent, Thirty leading roads, which operated 31,500 miles of 
track in 1880 and hauled 96,000,000 tons of freight, in'1890 ope- 
erated 76,400 miles and hauled 262,900,000 tons. The number of 
passengers carried by these roads increased from 55,400,000 to 
183,000,000, The number of locomotives on all the roads in the 
United States increased from 17,9c0 in 1880 to 32,200 in 1890, and 
the number of passenger-, freight-, and baggage-cars from 556,000 
to 1,092,000. The capital invested in railroads as represented by 
bonds and capital stock was a little less than $5,000,000,000 in 
1880, and a little less than $10,000,000,000 in 1890. 

In the decade under review a new industry of vast magnitude 
was created. Twelve years ago electricity as applied to street- 
cars, for power purposes of all kinds, for house and street illumina- 
tion was a new thing. In fact electric street-railroads have only 
been in successful operation about half of that time. The elec- 
trical age was practically just commencing, and the aggregate cap- 
ital invested outside of telegraphy was small. Now almost every 
town of any size has its electric railroad, streets everywhere are 
being lighted by electricity, and electricity furnishes power for fac- 
tories, to run elevators, and-for many other purposes ; still we have 
scarcely seen the beginning of electrical development. Already, 
however, the capital invested in all branches of this industry—and 
nearly all invested since 1880—is estimated at $800,000,000. 

Our national banking capital increased from $467,000,000 in 
1880 to $662,000,000 in 1890, and the deposits in savings-banks 
from $819,000,000 to $1,550,000,000. , 

Agriculture is supposed to be the foundation of our progress 
and prosperity. This is to a large extent true, and yet, while the 
value of our manufactured products in 1890 was $8,600,000,000, 
the total value of all agricultural products in that year was only 
about $3,800,000,000. The opening up of new land by the heavy 
immigration into the West brought into cultivation ten or more 
years ago a larger area than the consuming power of this country, 
and the foreign demand added, justified. In a pamphlet recently 
published by Mr. C. Wood Davis, it is shown that the area culti- 
vated in staple food-crops increased from 1875 to 1880 on an av- 
erage of 6.8 per cent. a year, and since then has steadily declined, 
having been 3.9 per cent. from 1880 to 1885 and then 1.4 per cent. 
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from 1885 to 1890. In other words the total cultivated area is now 
increasing much less rapidly than our population. Of course in 
view of this the agricultural productions of the country do not 
show any such phenomenal advance as has marked the growth of 
industrial interests. ‘The total value of all agricultural products in 
1880 was estimated at $3,700,000,000. Mr. James R. Dodge, the 
statistician of the Agricultural department, estimated the value in 
1890 at $3,800,000,000,—-a gain of $100,000,000,—notwithstanding 
a heavy average decline in price and very short crops, owing to bad 
weather. In 1891 large crops brought the total value up to $4,500,- 
000,000. The number and value of farm animals increased very 
heavily during the decade, the total value having been $1,576,000,- 
000 in 1880 and $2,418,000,000 in 1890,—a gain of $840,000,000. 

The facts which have been presented are simply intended to 
give some conception of the actual progress of this country. . The 
magnitude of its advancement can only be realized when, as we 
have already said, we sum up what has already been accomplished 
in a brief period of ten years. To attempt to go into the details 
of this progress, to show the growth of every branch of industry, 
to point out the special enterprises of great magnitude that have 
been undertaken, to name even the most noted of the magnificent 
winter- or summer-resort hotels costing upwards of $1,000,000 
each that have been built at St. Augustine, Tampa, and elsewhere, 
would be unnecessary in such a paper as this, and yet they all help 
to impress upon the mind the results accomplished in ten years. 

Is there a single good reason why the decade that will end with 
1900 should not witness even greater achievements and progress 
than were seen between 1880 and 1890? There would seem to be 
none. Wars or pestilences or panics may come, but this country 
grows right along. They may cause a temporary halt, but that 
seems only to serve as a resting-spell, to be followed by a still 
more rapid advance. Our national progress has gone on at a 
steady rate for many decades, and it is only the magnitude which 
our population and wealth and business have now reached that 
makes the statistics that picture the difference between 1880 and 
1890 seem so overwhelming. We know that our population in- 
creases at an average of about 25 per cent. or over every ten years, 
that our production of iron has more than doubled every decade 
since 1840, that our wealth is annually increasing at a rapid rate ; 
we know that we are developing a fine navy, that we are building 
up an immense domestic shipping business, having now in our 
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lake and coastwise trade 25,540 vessels valued at $215,000,c00, 
which carried in 1890 over 172,000,000 tons of freight; that the 
beginning has been made in a revived foreign mercantile business, 
with the letting of contracts for five steamers to cost from $8,0o0,- 
000 to $10,000,000, and to equal the Paris and the Mew York ; 
that within the last few years there have been built the $5,000,000 
shipyard at Newport News, the $6,000,000 combined iron- and 
steel-works and shipyard at Baltimore; that the chief shipyard at 
Philadelphia is largely the result of development of the last five or 
six years; that a number of large iron and steel shipyards have 
been started on the lakes within the last few years, the details of 
which were so entertainingly set forth by Mr. Henry A. Griffin in 
THE ENGINEERING MAGAzINeE last month. These things we know, 
and we know that they all point to a broader and more rapid na- 
tional growth than we have yet seen. An honest investigation 
will convince even the most confirmed pessimist that our country 
is advancing in material progress, and also in the arts and sciences, 
as never before. What amount of development then may we rea- 
sonably look for during the present decade? Starting in 1890 
with a population of 62,500,000 and allowing for the average in- 
crease which has prevailed for a number of decades of about 25 
per cent.,—never but once less than that, and then 24.8 per ceut.,— 
it will be seen that in ten years there will be added 15,600,000, giv- 
ing us in 1900 a total population of 78,100,cco. To fully appreci- 
ate the magnitude of this gain in population it may be compared 
with the population of the Southern States in 1890 as reported by 
the Census : 

Srates. Population. STATES. Population. 
Maryland Kentucky 1,858,000 
Virginia 1,655,000 Tennessee 1,767,000 
West Virginia........ .... 762,000 Alabama 1,513,000 
North Carolina 1,617,000 Mississippi 1,289,000 
South Carolina 1,151,000 Louisiana 1,118,000 
Georgia 
Florida T 16,020,000 


Thus, omitting Texas and Arkansas, 16,000,c00 people lived in 
the South in 1890, which is but a little more than the actual in- 
crease in the population of the United States will be in ten years. 
Expressed in another way, this increase is equal to the combined 
population of all the cities and towns of over 8000 population in 
the United States, excepting New York and Chicago. The total 
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urban population, including these two cities, in 1890 was 18,200,000 
The increase already mentioned will be about 15,600,000, or only 
2,600,000 less. But as the desirability of limiting immigration is 
being discussed, it may be claimed that the rate of increase will be 
less if this be done. Suppose immigration should be absolutely 
stopped, which is not probable, even then our gain would be 
about 11,000,000 or 12,000,000,—enough certainly to satisfy our 
national pride. What this means in city development, in increased 
demand for all manufactured and farm products, for enlarged rail- 
road facilities, and in fact for everything which tends to national 
progress, can only be understood by remembering what was re- 
quired and what was accomplished during the decade between 1880 
and 1890. 

In the material progress of this country as marked by the pro- 
duction and consumption of iron and steel there is an accelerating 
rate of growth. ‘The consumption of iron not only increases with 
the increase in population, but the rate of consumption fer capita 
has steadily increased for many years. Should the rate of gain be- 
tween 1890 and 1900 be as great as between 1880 and 18go, the 
production of pig-iron in 1900 would be 24,200,000 tons. Should 
the actual increase in tons only be equal to the actual increase in 
1890 over 1880, the total output in 1900 would be 15,370,000; basing 
their calculations upon the average rate of increase in iron con- 
sumption for the last forty years, the Hon. Abram S. Hewitt and Mr. 
Edward Atkinson estimate that the production of pig-iron in this 
country in 1900 must be from 17,000,000 to 19,000,000 tons. The 
24,000,000-ton figure will probably not be reached. It is scarcely 
in the range of possibilities that our production should attain to 
that point this century, but that it may reach Mr. Hewitt’s estimate 
of 17,000,000 tons is quite probable. We cannot add 80 per cent. 
to our railroad mileage as we did from 1880 to 1890, but it is pos- 
sible that we may build 70,000 miles, as we did in that period, and 
we are almost certain not to build less than 50,000 miles.. Even 
this latter figure would give us about 220,000 miles at the end of 
this century. 

There is certainly no decline in the rate at which we have been 
increasing our wealth as compared with the previous decade, and 
as we gained nearly $8,000,000,000 in assessed valuation and about 
$20,000,000,000 in true valuation, it is quite certain that at least as 
much more will be added to our national wealth before 1900, with 
a reasonable probability of the increase being much more. 
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The United States is now the leading manufacturing country in 
the world. We have far outstripped all other nations in the mag- 
nitude of our industrial operations. It is almost incomprehensible 
that in ten years the increase in capital invested in manufactures 
should exceed the total invested only twenty years ago. The value 
of our manufactured products increased about 60 per cent.; add 60 
per cent, to the output of 1890, and we would have $13,700,000,000 
in 1900: but that is too much to expect. Thesame rate of growth 
in mining interest in this decade as in the last would make our min- 
eral output in 1goo nearly $1,200,000,000, while a smaller percentage 
of gain, only equalling in volume the total increase in 1890 over 
1880, would bring the figures to over $950,000,000. If our coal- 
miners add to the output of 1890 as many tons as they added to 
that of 1880, ignoring in this the percentage of growth, 217,000,000 
tons will be the production of 1900. No other country in the world 
ever advanced in population and wealth as the United States is 
doing. The progress of the past shows no signs of halting. In 
fact, the development of our foreign and domestic trade and com- 
merce and of our industrial interests is steadily broadening out. 

Contrast our position and condition with Europe. With re- 
sources surpassing those of all Europe ; with wealth-creating possi- 
bilities in soil, minerals, timber, and climate unequalled by Europe, 
and practically without limit to their profitable utilization; with a 
homogeneous population of 65,000,000 people unvexed by the arbi- 
trary regulations of half a dozen different governments and free 
from the drain of standing armies,—the United States justly com- 
mands the wonder and admiration of the world. Great Britain is 
no longer the manufacturing center of the world, for we have taken 
the foremost position in that line. Its vast iron and steel busi- 
ness is yearly increasing in cost of production, while ours is 
decreasing. It cannot meet the world’s growing demand for iron 
and steel, because it cannot increase its production to any great 
extent. It produces less pig-iron now than it did ten years ago. 
Much of its ore it imports from distant countries. Its cotton is all 
imported. It spends about $750,000,000 a year for foreign food- 
stuffs. On the continent every nation is burdened with debt, and 
none of them can ever hope to pay off its obligations. Measured 
by their natural resources and advantages for continued growth 
against their debts and the many disadvantages under which they 
labor, they are practicaily bankrupt. In all of them the cost of 
production and of living must steadily increase. In the United 
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States we have scarcely laid the foundation for our future great- 
ness. In natural resources we are richer than all of Europe; we 
are paying off our debts faster than they are due, we have barely 
scratched the ground in the development of our mineral wealth, 
and our agricultural growth can scarcely be limited. 

This paper was not intended as a logical discussion of the 
future based on the results of the past, but was simply designed 
to bring together a few of the facts which enable us to understand 
something of the amazing progress of this country, and thus, see- 
ing what we have done, speculate in a general way on what will be 
accomplished before the end of the nineteenth century. We have 
a country of boundless natural resources, the greater part of which 
is.comparatively thinly-settled. There is unlimited room for ex- 
pansion. New railroads can be built in many sections and find 
profitable business awaiting them ; new mineral districts as rich as 
the best now being developed invite capital and energy; irrigation 
is making fertile great areas of Western land that were before 
worthless; in the Northwest and on the Pacific coast there is a 
marvelous advancement; the South alone has sufficient area and 
natural advantages to support a larger population than that of the 
whole country at present, and the development of that section will 
furnish a profitable opening for the surplus money of the East ; the 
growth in our commercial relations with South America and the 
West Indies brings into action new forces that tend to the upbuild- 
ing of this country; the completion of the Nicaragua canal will 
mark the beginning of the most active era in our commercial and 
industrial history and revolutionize the commerce of the world in 
our favor. History affords nothing with which to compare our 
marvelous advancement. And yet, amazing as has been the prog- 
ress of the last ten years, the coming ten will show a still greater 
advance. 
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A COMPARISON AND A CONTRAST. 
By William M. Acworth. 
FIRST PAPER. 


HEN the invitation to contribute these articles to THE 

\) \ ENGINEERING MAGAZINE reached me, I was stopping at 
a country house in Scotland, close beside a newly- 
constructed railway, and it occurred to me that I could hardly 
adopt a better method of drawing the attention of American readers 
tothe enormous difference between our railways and theirs than by 
describing this little line—it is scarcely more than three miles in 
length—in some detail. The reason for the existence of the line, 
in itself instructive, will be clear to any one who will glance at the 
accompanying plan, on which it is indicated by a dotted line. Ann- 
bank collieries, which are close to the Firth of Clyde, have been ac- 
customed to ship their coal at the harborof Ayr. A few miles along 
the coast is a rival harbor at Troon, which naturally enough wanted 
a share in this trade. For this purpose it was evident that the rail- 
way rate to the two ports would need to be the same. But if the 
coal were sent by the existing railway through Ayr, and then along 
the coast to Troon, the same rate being charged for the whole 
twelve miles as for the first five only, it was likely that the Rail- 
way Commissioners would hold that an illegal preference was given 
to Troon. So the railway company was induced to construct a new 
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direct line, avoiding the Ayr défour. This new line is single-track 
throughout ; there is no station on it ; no passenger trains are run 
over it. Half-way along it there is a siding, at which coal and 
manure can be delivered to the adjacent farms, and milk, potatoes, 
and other produce received from them. 
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And this is how the line is constructed. At either end there is 
a signal-box, built to control the junctions with the old lines. The 
capital cost of these two boxes, which are only open during the 
day, we may reckon at about £250 apiece ; and they cost about 
4100 each per annum for wages and general maintenance. Need- 
less to say, all the switches and signals are interlocked, and 
equipped with facing-point-locks, rising-bars, and ali the other 
elaborate machinery so dear to the soul of our English inspect- 
ing authority, the Board of Trade. The very manure-siding is 
furnished with derailing switch, facing-point-block, and ground- 
disk signal,—what Americans, I believe, call a “switch target,” 
except that our ground-disk is lighted after dark,—and a tiny sig- 
nal-cabin has been erected to contain the necessary levers. Yet 
further security is afforded by the fact that the line is worked on 
the staff-system,—in other words, no train may pass over the.line, 
even though the signals are all right for it to proceed, unless the 
engine-driver is in possession of a staff, of special color and shape, 
which, being the only one in existence, assures him that no other 
train can be on the line at the same time. As for the road itself, 
in its entire length there is not a single grade-crossing. In their 
place there are fifteen over- and under-bridges, some built in solid 
masonry thoughout; others with steel girders laid on masonry 
abutments. The bridges are all constructed of sufficient width to 
allow of the doubling of the track hereafter if necessary. The 
right of way, some 70 feet wide, is fenced off on either side by a 
stout wire fence four feet high. The new steel rails, 90 pounds to 
the yard, are supported on chairs weighing 44 pounds each, fast- 
ened down to the ties—“ sleepers ” we call them—with four spikes 
apiece. There are eleven sleepers, 9’ 10” by 5’ and creosoted, to 
each 30-foot rail; and they rest on two feet of broken-stone bal- 
last. Heaps of furnace-ashes, lying here and there along the line, 
show that, when the stone ballast has had time to consolidate, it will 
have a top-dressing of cinders to make everything tidy. In fact 
the line is in all respects up to first-class main-line standard, and 
fit for the passage of passenger expresses at sixty miles an 
hour. 

“What did it cost?” will be the natural question. In round 
figures, it may be said, £33,000, or £11,000 per mile. In other 
words, a line constructed to carry a minimum quantity of goods 
and mineral traffic—for the average at present is less than two 
trains each way per diem—through a flat agricultural district, has 
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cost as much as an average mile of railway in the United States. 
If our cheapest possible line costs so much, no one who knows 
England, who has appreciated from personal observation the vast 
preponderance of main lines and of railways in thickly populated 
districts with two or even four tracks over mere single-track « uun- 
try branches, will be surprised that our railways taken all round 
have cost about four times as much per mile as those in America. 

* But I may be asked where the whole of the £ 33,000 went to; and 
perhaps it is worth while to answer in a little more detail. Roughly 
speaking, the contractor, who finished the road up to formation 
level, got £18,000; the railway company supplied and laid the 
permanent-way itself, at a cost for labor and materials of about 
£7000; the balance of £8000 represents the price of the land, — 
about twenty-nine acres at a little under £300 per acre. The 
value of land in the vicinity of the line may be quoted at #80 an 
acre; and yet the company voluntarily agreed to pay at the rate of 
£300. How much of this excess represents fair compensation for 
damage done to the adjacent farms by the intersection of the 
fields; how much is really consideration to the landowners to 
induce them to refrain from opposing the construction of the 
line, is a question that neither I nor anybody else can answer. 
But the difference between £80 and £300 represents, I think, 
fairly enough the average difference between the price of land to 
an ordinary purchaser and to a railway company. Attempts have 
been made more than once to enable railway companies in con- 
demnation proceedings to set off the benefits likely to accrue to a 
landowner from the construction of a line against the value of 
the property which is taken for the purpose, but it is now settled 
by law that such set-off cannot be pleaded. 

The price of the permanent-way needs no special comment. As 
to the contractor’s account, it is perhaps worth while stating that 
railway engineers estimate that a bridge carrying a public road over 
the line costs on the average about ¢ 800 for construction, p/us £ 600 
for the approaches. Reckoning interest and maintenance at 5 per 
cent. on this sum, such a bridge costs, therefore, £70 per annum. 
Now, a new railway cannot be built to cross a public road on the 
level without special parliamentary sanction, which is rarely given 
except under very extraordinary circumstances. Even then the com- 
pany is compelled to maintain gates at the crossing, with interlocked 
signals, and with a gatekeeper in constant attendance. This 
expense cannot be estimated at less than £70 per annum. It is 
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consequently as cheap for a company to build a bridge as to main- 
tain a level-crossing. 

I think I am right in layingstress on heavy cost of construction 
as the most prominent characteristic of English railways, more 
especially when compared with those of the United States. How 
far the engineers and the public respectively are responsible for this 
expenditure, a good deal of which is certainly without economic 
justification, is a question very much harder to answer. No doubt 
our engineers have been encouraged to be extravagant. Capitalin 
England has been abundant these last fifty years. The great rail- 
way companies could raise £ 100,000,000 per annum for years to 
come without the slightest difficulty in placing their shares. Again, 
it is always pleasanter for a workman who takes pride in his work 
to finish everything off in the best possible manner, and not to spoil 
the look of it with makeshifts. Further, a line thoroughly sub- 
stantially built at the outset is cheaper to maintain than a line 
on which money has been grudged to start with ; and the engineer 
knows that, while the capital outlay is disposed of once for all, the 
maintenance charges will be brought up in judgment against him 
year after year. 

All these considerations doubtless have had weight in making 
our engineers, if I may so express it, extravagant-minded ; but I 
venture to believe that the influence of the whole of them put 
together has been almost nothing as compared with the influence 
exerted by outside pressure. 

American railways have been constructed, almost at their own 
unfettered discretion, by engineers working for a public to whom 
rail ways were an absolute necessity, and who were ready to take with 
gratitude a railway of the most imperfect description rather than 
be left with no railway at all. American companies have found it 
difficult enough to raise even the minimum capital necessary to con- 
struct their lines. Had the public there been as exacting as ours, 
and had it been able to enforce its views through the action of a 
department of the Government like our Board of Trade, it would 
never have got any railways at all. To say that England could 
have done without railways altogether would of course be ridicu- 
lous, but at least they were not and are not for us so absolutely 
essential as they were and are in the United States. ‘To-day many 
people think new railwaysto be wholly unnecessary in England, for, 
though for years past railway construction has been almost sta- 
tionary, we have to-day three times as many miles of line per square 
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mile of area as the United States has. Even at the beginning our 
people were not wholly dependent on the railways. We had an 
admirable system of roads throughout the length and breadth of 
the country ; we had many thousands of miles of canals and navi- 
gable rivers ; and further, no inhabitant of the United Kingdom 
was more than about sixty miles from the sea. Consequently rail- 
ways would never have been suffered to exist at all in this country, 
had they been as reckless of human life and as careless of the in- 
convenience they inflicted on individuals, as American railways 
have been and to a great extentstillare. An Englishman can only 
stare with astonishment, when he sees for the first time trains run- 
ning through crowded streets of cities such as New York and 
Chicago. I have a vivid recollection of watching long trains of 
freight-cars running down the Tenth avenue in New York, to the 
New York Central’s depot, in one of the busiest parts of the city. 
As I looked, I remembered that our most powerful company, the 
London and Northwestern, tried in vain for three years to obtain 
permission to move one truck at a time by horse-power across a 
narrow street in a very quiet parts of London, in order to connect 
together two different part of the company’s own property. 

Again, one reads week after week in American newspapers ac- 
counts of accidents in which passengers lose their lives. The 
American public seems to take it as a matter of course that such 
things must happen. In England, on the other hand, a serious ac- 
cident excites a disturbance which does not die down for many 
weeks afterwards. In the year 1891, out of 900,000,000 passen- 
gers, precisely five lost their lives by accidents to trains of all sorts 
and kinds. In the autumn of last year there was, after an interval 
of two years, a serious accident,—that at Thirsk,—which resulted, 
I believe, in about a dozen deaths. Thereupon the following reso- 
lution was passed, not by a young ladies’ debating-society, but by 
an assemblage of hard-headed men of business, the Wakefield 
Chamber of Commerce : 


In view of the large number of railway accidents that have in recent years oc- 
curred to passenger trains in consequence of goods-trains being run on passenger lines, 
the time has arrived when Parliament should compel all companies to provide a 
separate set of lines to be used exclusively for goods traffic on main lines, and under 
no consideration should goods-trains be allowed to cross or be shunted on any por- 
tion of the main passenger lines, and such lines should be used exclusively for pas- 
senger-train service. 


Such being the state of public opinion, it is perfectly impossible 
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for the railway companies to disregard it. No company could ex- 
pect to obtain parliamentary sanction for the construction of a new 
line of anything but first-rate quality in all respects. Nor, when 
the line was built, could it obtain the sanction of the Board of 
Trade to the opening, unless the stations, the points and crossings, 
the signalling appliances, the engines and rolling-stock, all con- 
formed to what I may call an ideal standard of safety. Yet again, 
if the line were not kept up to the same standard when opened, 
public opinion, taking one day the form of public rebukes from the 
Board of Trade, another day of questions and discussions in Par- 
liament, or again of exemplary damages awarded to passengers in- 
jured in accidents, would soon compel the company to realize that 
lavish expenditure was after all the truest economy. But perhaps 
this point has been labored overmuch. I am anxious, however, 
that American readers should appreciate that the enormous cost 
of construction and working of English railways is due not to any 
single and remediable cause, but to a whole series of national ten- 
dencies and characteristics, acting over long periods of time and 
only to be changed very gradually, if at all. 

Now let us turn to another point. The very large capital out- 
lay of English railways is of course one main reason of the high 
standard of rates and fares in England. Exactly how high that 
standard is we have no means of knowing, for our railway statis- 
tics, made up in a form that was laid down by act of Parliament about 
thirty years back, carefully suppress the information that it is most 
necessary for us to have. Ton-miles and passenger-miles are not 
here recorded. We know that each ton of goods carried pays the 
railways on the average about 60 cents. If we guess that the 
average distance is about 25 miles, we arrive at an average rate of 
2.40 cents per ton-mile, which is not very far from three times the 
average rate in the United States. So in the case of passengers we 
may guess that the average fare is about 1.75 cents per mile, 
which, though lower than the American average, is higher than in 
any European country. Such a result seems very far from satis- 
isfactory. High cost of construction might have justified a high 
range of rates and fares at the outset, but year by year the traffic 
per mile of line open increases in density, and yet the goods rates 
hardly come down at all,—in the last year or two their tendency 
has been all theJother way,—while the passenger fares only come 
down very slowly. And yet the explanation is not far to seek. 
Our services have always been expensive to work ; they are becom- 
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ing more expensive year by year. In America train-loads are 
mainly limited by the capacity of the engines ; ours by the weight 
of goods or number of passengers that have had time to accumu- 
late in the very short interval between one train and another. Let 
me illustrate: If aman is sailing from New York to Europe, he 
will choose his favorite line or his favorite boat, regardless of the 
time of day or the day of the week at which it starts. On the 
other hand, if the Manhattan Elevated were to try to run its trains 
only once in ten minutes in the slack hours of the day, the street- 
cars would rob it of the bulk of its passengers. Now, in England 
our business is all between places which in America would be re- 
garded as close together. We call Manchester “the north of 
England,” yet Manchester is only 44 hours from London. Conse- 
quently there must be trains between the two pointsat all hours of 
the day, to suit the convenience of passengers wanting to go at 
any time. Consequently, too, each train runs with very much less 
than a train-load of passengers. Then these trains must be run at 
high speeds ; for, though a few minutes more or less are of little im- 
portance in a journey of hundreds of miles, a quarter of an hour 
out of four hours is a very considerable percentage. High speeds 
mean few stops ; and few stops mean additional trains to serve the 
second-class stations. Then high speeds and frequent expresses 
for passengers mean high speeds and short trains for goods,—that 
is, half-loaded engines ; for an engine loaded to its full capacity 
moves so slowly—occupies the line, that is, for so long a period— 
that it is impossible to find room for it. 

But it would not be true to say that the goods are worked at 
high speed simply for the convenience of the railway management. 
On the contrary, the demand for speed in the case of merchandise 
traffic is fully abreast of that in the case of passengers. Broadly, 
it may be said that the English goods-service is based on the sup- 
position that, between important towns at least, whatever is handed 
to the railway company at the forwarding station over night will be 
delivered to the consignee the first thing next morning. Now, a ser- 
vice such as this, in the nature of things, can never be a cheap one. 

But our service is expensive in many ways beyond the cost of 
mere movement. Continental railways stop on the outskirts of the 
towns ; American railways have, it is true, their depots in the heart 
of them ; but the depot is almost as old as the town itself, and is 
built on land bought probably almost at agricultural value. In 
England alone do the railways come into the heart of ancient and 
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populous towns, occupying for their stations not merely land bought 
at building value, but land which was actually covered with build- 
ings that had to be bought and pulled down to make room for 
them. I may be told, and no doubt truly, that terminal accommo- 
dation is costly in the great American cities. But the terminal cost 
of grain, say from Chicago to New York, spreads out pretty thin 
per mile when there area thousand miles over which to spread it. 
President Roberts stated at a recent annual meeting of the Penn- 
sylvania Company that the average cost per ton-mile on the line 
between Jersey City and Philadelphia was 1 cent, as against 4 
mills on the rest of the system, and even on the New Jersey divi- 
sion of the Pennsylvania railroad I should imagine that the aver- 
age length of haul over which to spread the cost of the terminal ac- 
commodation and services is a good deal more than our average 
of some twenty-five miles. 

It must be remembered further that the costliness of the land 
on which our goods-stations are built operates indirectly also to 
increase the cost of service. Most of the London goods-stations, 
for instance, are built in two stories, and the goods-wagons are 
raised or lowered from one to the other by hydraulic lifts. Further 
it must be remembered that, in the case of the bulk of our mer- 
chandise traffic, the rates include the cost of collection from the 
consignor’s place of business at one end and delivery to the consign- 
ee’s place of business at the other. In fact, it may fairly be said 
that in many respects our goods rates should be compared, not with 
American freight rates at all, but with the rates in that country for 
“express.” Let me give an instance: Happening lately to look in 
the rate-book at a small town in Yorkshire, I found that the rate 
for fifth-class—our highest class—-traffic to a station five miles off 
was quoted as 15s. 5d. per ton,—in other words, 3s. 1d. per ton per 
mile. This sounds very terrible, but turn it another way round, 
and say that for the sum of gd. the railway company fetches a case 
of hats or a bale of silk weighing 1 cwt. to the station, loads it into 
a truck, carries it five miles, unloads it, and delivers it in a cart to 
destination,—imagine all this, and this is what fifth-class traffic 
really means,—and the wonder will rather be whether the railway 
company is not out of pocket by the transaction, Tosum up ina 
phrase : the difference between English and American railway ser- 
vice is that the American companies sell transportation wholesale 
at wholesale prices ; the English companies transact a retail busi- 
ness and charge retail prices. 
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But it is not only to different methods of construction and trans- 
portation that the difference between the cost of English and Am- 
erican service is due. There can be no doubt that the newer civil- 
ization of America disregards the interest of the individual for the 
benefit of the mass in a way that startles our more conservative 
minds. I have ventured already to point out that the American 
farraer, who is knocked down and killed at a grade-crossing by a 
passing train, suffers that his fellow-citizens may have cheap rail- 
way service. I have indicated too how tender our Parliament is of 
the rights of the landowner whose property is condemned. The 
same general principle, I think, applies to the different views taken 
in the two countries in reference to questions of so-called preferen- 
tial rates given to one district and refused to another. I must not 
go into abstruse comparisons between laws there and here. I am 
of course aware of the existence of the long- and short-haul clause 
in the Interstate Commerce Act. I know, too, that not a few at- 
tempts have been made in America, by legislatures and by railway 
commissions, to use exceptionally low rates, forced upon the rail- 
ways by competition, as a measuring-rod for the adjustment of local 
non-competitive rates. But for all that it is true on the whole to 
say that American railways have been more free than ours to base 
their rates purely on commercial considerations, to adopt the only 
sound economic basis of a tariff,—that of charging what the traffic 
will bear. It seems to me that they have been able to do this be- 
cause the American public was wise enough to regard mainly the 
interest of the consumer,—that is, the country as a whole,—while 
our public have been weak enough to listen to the expostulations 
of the individual producer fearing the loss of ‘the advantage of 
his geographical position,” and to forget that his loss would be the 
consumer's gain. If permitted to generalize yet more widely, one 
might point out as a very curious fact, that in the United States, 
the most pronounced Protectionist country in the world as against 
foreign nations, internal intercourse is less restrained than any- 
where else, while England, which is immovably on the side of free 
trade with foreign nations, has failed to see that the same logic 
which refuses to protect the English farmer by a duty on American 
wheat should compel the State to stand aside and leave English 
railways free to carry American imports regardless of their origin, 
at such rates as they find for themselves most commercially profit- 
able. 

There can be no question that the tendency of the law of undue 
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preference as interpreted by English courts has always been to 
heighten the average rate charged. It is true that the decision 
in any individual case always leaves to the railway the alternative 
of either levelling up or levelling down, but I know no instance in 
which the railway company has in fact adopted the latter alterna- 
tive. Let it not be supposed, however, that the legal tribunals are 
out of harmony with public opinion. The action of the legisla- 
ture has been consistently in the same direction. The passage of 
the Railway and Canal Traffic Act of 1888 was followed by the 
withdrawal of large numbers of special low rates which had till 
then existed. That act, among other things, provided for a codi- 
fication of all the maximum powers of charge of all the companies 
in the kingdom. Since January 1, 1893, this codification has come 
into practical force. Symmetry and simplicity have unquestion- 
ably been attained thereby ; but if the universal protests of trad- 
ers’ associations have any foundation in fact, the uniformity has 
been reached much more by raising exceptionally low charges than 
by reducing exceptionally high ones. 

But I have pursued, perhaps, too far already questions which 
are rather commercial and economical than matters of practical 


railway working. In my next paper I shall hope to deal less with 
the abstract causes of the difference between the railways of the 
two countries, and more with the concrete examples of it. 
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FALLACIES AND FACTS AS TO IMMIGRATION. 
By Colonel John B. Weber, . 


United States Commissioner of Immigration, Port of New York. 


Union, New York, upon the subject of Immigration, and the 

editor of THE ENGINEERING MAGAZINE was so favorably im- 
pressed with what I had to say that he has requested meto preparea 
résumé of the address for publication in these pages. It gives me 
pleasure to comply, for I deem the subject one of first interest and 
importance to the wide circle of practical men of affairs who read a 
magazine of this character. 

The migration of human beings from one country to another, 
although seeming to proceed so freely, must not be attributed to 
slight causes. Given the same conditions, or even approximately 
the same, the average man is content to live and die about where 
he was born. The desire to enjoy a larger degree and a fuller 
measure of political equality in years gone by stimulated many 
Europeans to seek new homes inthe United States. Butthis is not 
now much of a factor, for, with the exception of Russia, the thrones 
of Europe are so hedged in by nineteenth-century limitations as to 
be comparatively powerless for oppression. The great lodestone 
which has attracted by far the greater number of immigrants to 
our shores is the superiority of the conditions which prevail here 
over those existing abroad. You may attribute immigration to the 
advertising of land companies, to the greed of steamship agents 
eager to sell tickets, or to a desire to evade military service, and 
you will embrace after all but a small portion of the great volume 
tending to our shores. But when John, who has established him- 
self here, writes to his brother Jacob, who remains in the fatherland, 
to come, because of the better opportunities to be found, the infor- 
mation springs from one who has tried the conditions in both 
countries and is sent to one who is influenced by the statement, not 
because of its bright colors, but because of its source. 

We have received immigrants, as a rule, from the laboring and 
agricultural classes of Europe. The inhabitants of cities do not 
emigrate in considerable numbers, with the exception of those who 
belong to the ranks of laborers. A majority of the arriving immi- 
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grants is still destined for the western agricultural States, although 
a considerable portion remains in the large cities, especially in the 
east, on account of the tendency of the rural population to flock to 
the cities, which is observable everywhere in Europe, as well as 
here. To me the reasons for this drift from the country are plain,— 
namely, the easier conditions of life in the cities, a better oppor- 
tunity for acquiring wealth, the superior educational facilities, and 
the more numerous attractions. The greater the improvement in the 
conditions of workingmen in cities, however brought about, the 
greater will be the exodus from country to city, tae greater the con- 
gestion, and the keener the competition in the higher grades of 
labor in cities. When this becomes so extensive as to raise farm 
wages correspondingly, through depletion of the rural population, 
the movement will be checked, and the flow will turn the other way. 

I presume that no one will dispute the advantages to our coun- 
try of immigration in the past. We owe to the hewers of wood and 
the drawers of water,—to the hard-fisted toilers from abroad,—the 
building of our railroads, the digging of our canals, the springing 
up of cities, the creation of new States, and some acknowledgment 
for their share in contending for the supremacy of the Union in the 
country’s great crisis. Since the earlier days of the republic the 
manual labor involved in these industrial achievements has been 
hired by the native American, whose superior intelligence, ability 
to command, shrewdness, and ingenuity have easily made him the 
leader for foreigners to follow. 

But the question now before the country is what about the pres- 
ent and the future of the immigration problem, Of late years there 
has been an increasing stream from southern Europe of a class 
more illiterate than the more northerly element which formerly 
filled the ranks of migration in this direction. It iscontended that 
this vast aggregation of ignorance is detrimental to the welfare of 
the United States. If this is true, we should stop it. Whether it is 
detrimental or not, we should at least diagnose the case carefully 
before proceeding to heroic treatment, for immigration isa growth, 
not an explosion, and the volume is so strong and the momentum so 
great that the air-brakes cannot be suddenly applied without a 
shock that will disturb existing conditions throughout the land 

It is urged by some that the incoming of foreigners brings about 
an unhealthy competition in the labor market and reduces wages ; 
but where is the evidence that this is generally so? The tendency 
of wages here for thirty years past has been steadily upward, with 
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hardly a check. Others claim that the foreigners contribute an 
abnormal share of inmates to our poor-houses and prisons. This is 
probably true, but it is because the foreigner belongs to the poorer 
half of the community. The pathways leading to crime too often 
branch off from the avenues of necessity. Still others complain that 
the ignorant element does our voting, controls legislation, and in the 
cities administers public affairs generally. This, if true, should be 
charged to the naturalization practice and not to immigration. But 
all of the ignorant vote is not on one side of the political line, and 
to the extent that it is divided one side counterbalances the other. 
The failure to neutralize it more nearly is due in part, at least, to 
the indifference of native-born citizens to the performance of their 
political duties, 

There are still others who say that our population is becoming 
too dense, and that immigration should be stopped before we are 
actually in need of elbow-room. It has been estimated, however, 
by accepted authorities that we can accommodate seven times our 
present numbers without equaling Europe in density of population, 
The single State of Texas could have taken the entire inflow of the 
past ten years, with advantage to her interests, and still have had 
room to spare. Europe, in truth, does not suffer so much from 
over-population as over-taxation to support royalty and immense 
standing armies and navies, making the burden so heavy as almost 
to obliterate the great middle class, which is the strength as it is 
the pride and glory of this land. 

Let us now consider briefly the various plans for adding to the 
existing restriction of immigration, now revolving in the public 
mind, and point cut their probable effects and seeming defects. 
Congress has the power to stop immigration altogether, or to pre- 
scribe an educational test or a money qualification, or to exclude 
nationalities,—as has been done in the case of the Chinese,—or to 
prescribe any other restrictions, wise or foolish. If there had been 
in force from February 1 to November 1, 1892, an educational test, 
—namely, the test of reading and writing,—there would have been 
shut out at the port of New York, of those above the age of six- 
teen years, 57,000 out of 275,000 arrivals. If we had had the 
money qualification from January 1 to November 1, 1892, for per- 
sons over twenty years,—-say $100, which is the amount most com- 
monly suggested,—we would have shut out 194,000 ovt of 202,000. 

I am not now advocating either of these plans, but simply de- 
sire to show their effect, believing it always to be wise, before en- 
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acting a law, to consider what will be the result. Take, for in- 
stance, the Scandinavians, who present the smallest percentage of 
illiterates. Out of 42,000 arrivals during the period mentioned 
they showed but 289 who could not read and write. In this respect 
they made a better showing than would the population of any State 
in our Union. But they averaged only about $23 per capita for 
the same period. , Of the 30,000 Scandinavians over twenty years 
of age less than 1300 would have been admitted under the $100 
money qualification. Had this policy been adopted a few years 
ago, where now would be our Minnesota, our Dakotas, and por- 
tions of other States where, while the preponderance of Scandi- 
navians is not so marked, their numbers are yet important? The 
present governor of Minnesota, Knute Nelson, would most likely 
still be plodding along in Norway had the money qualification 
been in force when he landed at Castle Garden. He is a strong 
character of marked abilities, who, although a foreigner, fought 
under the nation’s flag for the preservation of the Union and the 
protection of the interests of all, native and foreign. In every 
walk of life, in the sciences and arts, in commerce and finance, in 
literature and the professions, we find foreigners who have lifted 
high the standard of progress in this country. Can any one ad- 
vance a good reason why these people should not have come in? 

Another plan which has been proposed, and which to the super- 
ficial observer seems to be the panacea for all our immigration 
evils, is that of inspection abroad by American consuls. This plan, 
I contend, would be the weakest in good results, the strongest in 
disadvantages, the most expensive in its enforcement, and the most 
deceptive and barren in its yield. It is a most cumbersome and 
complicated machinery, whose chief result would be to furnish the 
very people we do not want, and keep back those who are desira- 
ble. Almost the same result could be obtained by passing a law 
saying that no one shall come in who is physically able to care for 
himself, and that only those shall come who have just left the cra- 
dle or are nearing the grave. I don’t believe in cross-eyed politics 
or cross-eyed policies. I don’t believe in squinting at cholera and 
striking at immigration. I don’t believe in indirect means to carry 
out that which we have the power to do directly. I don’t believe 
in chanting our praises for furnishing an asylum for the oppressed 
and laying for these people with a shotgun at the border. I don’t 
believe in exercising a power that has not the moral force and con- 
science of the community behind it. 
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Consular certification must be made either in the consular dis- 
tricts where the emigrant lives, or at the seaport where he embarks. 
At neither place has the consul personal acquaintance with the 
subject. He must obtain his information from the local authorities 
over whom we have no jurisdiction, and who may be expected to 
facilitate the emigration of the bad and hinder that of the good. I 
may illustrate by mentioning that the Italians must all have pass- 
ports before they can legally leave their country, and no one against 
whom a criminal conviction has been recorded is supposed to re- 
ceive such a document. Yet I recall a number whom [ returned,-- 
one in particular who had served ten years in prison, but who had 
a clean bill of moral health in the shape of a passport. 

The results of the cessation of immigration are too far-reaching 
to be disposed of here, but I desire to call attention to one or two 
features which are certain to develop. First, we have been for 
years feeling the lack of sufficient domestic help, and where the 
servant girl of the future will come from, if we close the gates to 
immigration, I don’t know. It may be said that we can make ex- 
ception in the case of women, but women will not come unless their 
brothers and fathers, husbands and lovers come too. Where are 
the American girls who are ready to go into the kitchen? Indeed, 
it is all that we can do to keep the foreign girls in the kitchen after 
Americanizing influences have caused them to discard the kerchief 
tied around their heads upon landing, and don the high hat with 
feathers and birds instead. Then who will do the rough work con- 
stantly necessary in the development of our but partially touched 
natural resources? Will it be those who are already here, and who 
have been elevated above that grade of work? Hardly, for that 
means retrogression, and I do not welcome the day when the toilers 
of this country are obliged to take a backward step either in com- 
pensation or in position. Remember, too, that the labor that these 
raw hands perform makes the demand for work requiring more skil- 
ful touch. Coal and ore must still be mined, forests leveled, and 
fields plowed, and hundreds of what may be called coarser voca- 
tions must be filled by men who do not wear silk hats and dress coats. 
There must be privates in the industrial army, as well as brigadiers. 

The natural increase in population will not supply the waste of 
time and the decay of brawn and muscle. Large families are no 
longer the fashion in America. Take the figures of population in 
the last census, deduct the arriving immigrants for ten years past, 
and we would show but a small growth during that period. 
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“We don't believe in unrestricted immigration,” say some who 
have given very little study to the subject. NordolI. Such peo- 
ple talk as though there were now no restrictions. ‘There are on 
our statute-books laws excluding the insane, idiots, persons suffer- 
ing from dangerous diseases, paupers, persons likely to become 
paupers, convicts, polygamists, and contract-laborers. Under these 
laws the immigration commissioners of New York State, during the 
five years preceding the control of the business by the Federal 
authorities, barred and returned to Europe 1977 people. From 
the beginning of Federal control, namely, April 19, 1890, to No- 
vember 1, 1892,—about two years and seven months,—3051 persons 
were barred and returned. Besides, there were returned under the 
year clause (which I will refer to later) from the time that the law 
became operative, April 1, 1891, to November 1, 1892, 937 persons. 
This certainly shows some restriction. 

“But we are receiving the scum of Europe, and paupers and 
criminals are dumped in wholesale fashion upon our shores,” is said 
by some who have skimmed the surface, or by those whose real 
desire is to exclude all immigrants because it just now seems to be 
popular, but who seemingly have not the courage to avow their 
desires. There has been a great improvement in the sifting pro- 
cess at the threshold of the country. The practice of the authori- 
ties here, which is founded not upon mandatory law, but upon 
regulations, has been to take care of those who fall into distress 
within twelve months of their landing at the expense of the immi- 
gration fund, instead of sending them to the city hospitals at the 
expense of our tax-payers. The year 1889 showed an average 
daily attendance of 266 such immigrants. By 1892 the daily aver- 
age had declined to 81 and a fraction. As to the assertion that 
Great Britain is dumping her paupers and criminals upon our 
shores, there may be isolated cases of this kind, but that there is 
a wholesale organized movement I do not believe. The facts on 
record in this connection are mainly ancient history. 

The plan that I would suggest is laid down in a report made 
by Dr. Kempster and myself, from which I have seen no reason to 
deviate, except to add a clause vesting in the president of the 
United States the power to suspend immigration temporarily in 
the case of threatened pestilence, and possibly an educational 
qualification, The report was written before the outbreak of the 
typhus and cholera last year, and before illiteracy statistics were 
kept at the Immigration Bureau. I would hold the sub-agents of 
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steamship companies, many thousands of whom are scattered over 
Europe, responsible for the sale of a ticket to a prohibited person, 
reaching him not directly by our law, for that is impossible, but 
striking his pocket through the steamship agencies or companies 
in this country, compelling him to pay the return passage of a 
defective immigrant and levying a fine in each instance if neces- 
sary; in other words, imposing a penalty which in a single case 
would wipe out the commission received in a great many. The 
sub-agent in most cases knows the applicant personally, lives im 
the same village with him, is familiar with his family history, and 
knows his conduct and his mental and physical defects better than 
any one who comes in contact with him after he leaves his home. 

I would continue a rigid inspection here, and besides hold 
every alien immigrant after landing subject to compulsory depor- 
tation at the discretion of our courts whenever he developed into 
pauperism or criminality, and until he had assumed the burdens 
and acquired the privileges of citizenship. He would be regarded, 
in fact, as passing through the Immigration Bureau until he be- 
came a citizen. Every country in Europe except Great Britain 
deports alien paupers and criminals to their homes, and there is no 
sentiment or good reason which we would violate by adopting the 
same plan. We are now authorized to return to Europe within 
twelve months after landing a person who has arrived in violation 
of the immigration laws, or who becomes a public charge from 
causes existing prior to landing, and under this authority we re- 
turned more than 500 persons last year who could not have been 
detected by any process of inspection here or abroad, nearly all of 
whom would have become a permanent burden upon the public. 
Wipe out this year limit, extend it to cover the period of citizen- 
ship, and eliminate the requirement that we must show that the 
cause existed prior to landing so as to take in one who becomes a 
pauper or a criminal here, and we solve the problem of how to get. 
rid of the undesirable element coming to us from abroad. Then 
guard better the avenues of citizenship, and a great many of the 
immigration evils will disappear. 

In the enforcement of the contract-labor law it is exceedingly 
difficult to reach every case. The original intent of the law has 
been realized,_-namely, the stopping of the wholesale importation 
of gangs of contract laborers. Individual violations of the law wil! 
occur doubtless as long as cases of smuggling and evasions of the 
customs laws occur. A practical remedy for these isolated cases is 
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not easy to provide, but I believe that much could be gained if it 
were made easier to inflict the penalty upon the contracting party 
living here, instead of having that punishment fall as now upon 
practically innocent men, ignorant of our laws, who are returned 
because of their unintentional violation of them. 

There is one other side tothe immigration question upon which 
I desire to touch, and that is charged as being the sentimental side. 
I believe in sentiment in a government as well as in the home. 
Sentiment is part of the power that moves the world. We are all 
immigrants, differing only in the sailing dates of our ancestors. A 
few came over with the Mayflower, but the great mass of them 
came within the past fifty years, during which time the progress of 
the nation has been so rapid and so vast that it staggers arithmetic 
to compute and impoverishes language to describe it. And be- 
cause | believe the marvelous achievement of which we boast to 
be so largely due to the incoming of immigrants drawn from the 
bone and sinew of all Europe,—for by reason of this we come in 
contact with new ideas, adopting the best and rejecting the worst,— 
I am not in favor of shutting off the vigorous, health-giving current 
because there may be a small rivulet of impurities trickling into it. 
Stop the impurity abroad and here as far as possible, and turn back 
the rest upon discovery after landing. I am not in favor of any 
plan which reaches beyond the exclusion of the physically and 
mentally weak, the vicious, the diseased, the dangerously ignorant, 
or those whose labor is contracted for on the other side to the det- 
riment of the better-paid and higher-grade labor of this country. 

At the entrance of our harbor, on a great granite pedestal, 
stands a statue, a figure of our national goddess, christened “ Lib- 
erty Enlightening the World.” Borne aloft in outstretched hand, 
burns a torch, which up to this time has cast no ray but that of 
welcome. Wherever the spark of liberty has kindled hope in hu- 
man breast, wherever hope has crystallized into effort, that torch 
has been the beacon-light for persecuted humanity, the cloud by 
day and the pillar of fire by night. If it means this no longer, let 
us correct its reading as speedily as possible. Change the charac- 
ter of that symbolic figure ; tear from its forehead its beautiful 
crown ; let it be considered a grim sentinel forbidding approach ; 
and let the light which dances over the waters of our beautiful bay 
mark a dead-line across which an alien immigrant will pass only 
at his peril. 
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THE DEARNESS OF ‘‘CHEAP” LABOR. 


FROM AN ENGLISH POINT OF VIEW. 
By David F. Schloss. 


HE general increase in the remuneration of labor, which has 
taken place during the last three years throughout the 
length and breadth of the United Kingdom, has been wit- 

nessed by social reformers of every class with profound satisfac- 
tion. At the same time the fact that British trade, upon the pros- 
perity of which the welfare of all sections of the community alike 
depends, is at the present moment severely harassed by foreign 
competition, is undeniable ; and since many of our rivals have at 
their command labor remunerated upon a much lower scale than 
that prevalent in this country, it is not surprising that it should 
be asked : What chance can we hope to possess of holding our own 
in the contest fer commercial supremacy if we go on steadily aug- 
menting our wages-bill, while our competitors enjoy the advantage 
of cheap labor? To this question, however, it is proper to oppose 
another: Is it an advantage to a nation that its workers are ill 
paid ? in other words, is low-paid labor really cheap ? 

The fallacy of the supposition that high wages necessarily in- 
volve a high labor-cost was pointed out more than a century ago 
by Adam Smith, who declared that “the wages of labor are the 
encouragement of industry, which, like every other human quality, 
improves in proportion to the encouragement it receives.” Later 
on Senior showed that, although the French manufacturers paid 
much lower wages than the English, yet the cost of production was 
decidedly higher in France than in England. Still more copious 
proofs of the dearness of cheap labor were adduced by Lord Bras- 
sey, whose father, in carrying on extensive works in all parts of 
the world, had employed in turn many different kinds of labor re- 
munerated upon very various scales, from the highest to the lowest. 
But Lord Brassey’s “Work and Wages” was published twenty 
years ago; and since, in a question of so much importance as this, 
fresh facts are especially valuable, it may not be amiss to apply to 
its consideration the test of more recent experience. 

Beginning with those industries in which the labor employed is 
of the coarsest kind, muscular exertion unaided by machinery being 
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the main factor in production, the fact that in coal-mining high 
earnings, as a rule, go hand in hand with low cost of production 
appears very plainly from a table given in a valuable work 
lately published by the distinguished American expert, Mr. J. 
Schvenhof* : 


Yearly Earnings. Wages per Ton. 
18 go. | 


Kentucky 
West Virginia 
Ohio... 
Illinois 


| 
Tennessee | 


If, again, availing ourselves of figures placed before the Labor 
Commission by Mr. J.S. Jeans, Secretary of the British Iron Trade 
Association, we compare the conditions under which coal is mined 
in the United States and in Belgium respectively, we shall find that, 
although the average annual earnings of all persons employed are 
in America more than double those received in Belgium, yet the 
labor-cost of each ton raised is lower in the American than in the 
Belgian mines. 

Proceeding to examine the facts in relation to the manufacture 
of pig-iron, we learn from a book on “ The Principles of the Man- 
ufacture of Iron and Steel,” written by the great ironmaster, Sir 
Lowthian Bell, that the expenditure in wages incurred in producing 
one ton of pig-iron is seldom smaller in Germany than in England, 
though the Cleveland ironmasters pay wages from 35 to 40 per 
cent. higher than the German employers.+ Still stronger proof of 
the superior efficiency of well-paid labor is afforded by the figures, 
founded on the accounts of an American blast-furnace, which are 
given in Mr. Edward Atkinson’s “ Distribution of Products,” and 
which prove that, as between the two periods, 1860-64 and 1875-79, 
the cost in wages for each ton smelted exhibited a decrease of 14 
per cent., while the annual earnings of each man employed had in- 
creased 37.68 per cent., and his output had augmented at the rate 
of no less than 55.82 per cent. Turning back to the pages of Mr. 


* The Economy of High Wages. New York and London: Putnam. 1892. 


+ In 1878 (six years before the publication of Sir L. Bell’s book) a German commission re- 
ported that the cost in wages of the daily output of a German blast-furnace was 145.77 marks, 
while the labor-cost of the same quantity of pig-iron in the Cleveland works was oniy 115.77 
marks. 
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Schoenhof’s book, we find that this very careful author, basing his 
statement on actual working accounts, informs us that the labor- 
cost of making a ton of pig-iron is less by 1s. 9$d. in Pittsburgh 
than at Middlesborough, and this though the English warkman re- 
ceives wages lower by about 4o per cent. than his American com- 
peer. Nor is the superiority of “dear” labor less patent when we 
compare with each other the different parts of the American repub- 
lic. For,{in a recent report of the United States Commissioner of 
Labor it is stated that, while in the Southern States, where a man’s 
earnings are upon a relatively low scale, ranging from 10.5 to 12.1 
cerits per hour, fourteen out of a total of twenty-one establishments 
show an output of less than .o8 of a ton per man per hour, and of 
the remaining seven, five have an output of under .10, in the North- 
ern districts, in which labor receives a higher remuneration out of 
fifty-five establishments, paying wages of from 11.1 cents to 18.7 
cents per hour, no less than forty-three can show an output of .o8 
of a ton per man per hour or more, twenty-six of these producing 
at the rate of .10 of a ton per man per hour and upwards. 

So far we have been dealing with industries in which the labor 
of the workman receives no assistance, or only a minimum of assist- 
ance, from machinery. In most forms of modern industry the 
abundant use of machinery, especially of machinery driven by mo- 
tive power, plays an important part ; and in this connection it is of 
importance to remark that, while the judicious adoption of me- 
chanical improvements constitutes a very potent means of keeping 
down the cost of production, nothing so strongly tends to promote 
the introduction of perfected machinery as the prevalence of high 
wages. It might, indeed, appear natural to suppose that the desire 
of manufacturers to increase their profits would, of itself, suffice to 
induce them to diminish the cost of production by introducing ma- 
chinery wherever possible. But, as a matter of fact, so long as an 
employer can get his labor “cheap,” he does not bother his head 
about labor-saving appliances. Thus, it was only after the Gas 
Light and Coke Company had been obliged to concede the demand 
made by their men for the introduction of an eight-hours working- 
day, and had thereby incurred an extra expenditure in wages of 
470,000 a year, that these employers thought of adopting ma- 
chinery for the purpose of drawing and charging their retorts ; nor, 
until their coal-porters insisted on having their wages raised very 
considerably, did the Company begin to make use of mechanical 
appliances, which now enable them to get the work done at a rate 
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lower even than what it had cost them before this demand for in- 
creased wages was made. ‘There can be no question that the high 
remuneration of labor affords a most valuable stimulus to the en- 
ergy and theinventiveness of employers ; while obsolete and wasteful 
methods of production will be observed to prevail where low wages 
aretherule. 

In many English industries the pressure of our relatively high 
wage-scale has been sufficient to secure the adoption of methods of 
production greatly superior, at any rate, to those prevalent in the 
Continental workshops, Yet even in these industries the still higher 
rates of wages current in the United States have led to the intro- 
duction of appliances in a notable degree more perfect than those 
used in England. Thus, in the manufacture of rails, Mr. Schoenhof 
tells us that much of the work, which at Middlesborough and Dar- 
lington is done by simple manual labor, is in the United States per- 
formed by automatic appliances, the consequence being that the 
American employer is able to give his men two-thirds more pay than 
his English rival, and is nevertheless in a position to turn out his 
rails at an expense for labor less by over 17 per cent, than the labor- 
cost in this country. But it is when we come to those English 
industries in which wages are but little above starvation point that 
the stagnation prevalent wherever manufacturers enjoy “the ad- 
vantage of cheap labor” is most plainly visible. Take, for example, 
the nail-making trade carried on in the Midlands, a trade the con- 
dition of which has long been a disgrace to the fair name of Eng- 
lish industry. In 1713 (as we learn from Mr. W, A. S. Hewins's 
‘“* English Trade and Finance’) the nailers worked from 4 o'clock 
on Monday morning until late on Saturday night for 3s. a week. 
The evidence taken by the Sweating System Committee in 1889 
showed that a man and his wife can only earn between them from 
10s. to 17S. in a busy week, and average much less. Much of the 
work is done in wretched hovels, often under most insanitary con- 
ditions; and many of the women injure themselves in a grave 
manner by the use of the heavy “ oliver,” employed in cutting the 
cold iron, But in America, as Mr. Schoenhof proves, the manu- 
facturers, availing themselves of the best methods and the most 
improved machinery, are able to turn out nails at one-half the labor- 
cost incurred in England, and that although the American workman 
receives wages fully ten times as high as those of the Dudley nail- 
makers. 

The instance just cited may be taken as an extreme case of the 
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pernicious effect of low wages in checking the legitimate economic 
evolution of a manufacturing industry. But, in truth, the condi- 
tions under which our nail trade is carried on, with its retention of 
wasteful and vicious methods of production, with its domestic work- 
shops, with that irregularity of employment which is the tnvariable 
accompaniment of the domestic, as distinguished from the factory 
system, with its multiplication of little masters and of middlemen 
(‘‘ foggers’’) buying the output of the scattered forges to sell it to 
the ‘“ manufacturer,”’—all these conditions are present in each and 
every one of those numerous “sweated” industries, the evils prev- 
alent in which have, ever since Mr. Burnett, the labor correspond- 
ent of the Board of Trade, made his famous report on the sweating 
system in 1887, received so large a share of public attention. The 
horrors of “ the sweating system” in the clothing trades were so 
fully exposed before the Lords’ Committee that it were needless to 
describe them here. But what it may be useful to point out with 
all possible distinctness is that the real reason why these horrors 
exist is simply that the employers in these sweated trades have, 
in the absence of that invaluable stimulus which the pressure of 
high wages can alone adequately supply, resolutely set their faces 
against the adoption of improved methods of manufacture. If 
the manufacturers, who ask us to believe that the retention of 
“ the sweating system ”’ is an economic necessity, would only mus- 
ter up sufficient energy to erect proper factories provided with im- 
proved machinery run by steam-power, then, with suitable organi- 
zation, they would find it perfectly feasible to sell their goods as 
cheap as ever, and yet to pay decent wages to their workpeople. 
This is no wild hypothesis: the thing is actually done. In the me- 
tropolis the wholesale clothing firms, having at their command a 
boundless supply of ‘“cheap’’ labor, have (with very few excep- 
tions) steadfastly declined to avail themselves of modern appli- 
ances, preferring to send their work out to be done in the slum 
work-rooms of East London under the worst possible industrial 
conditions. But in the provinces (at Leeds, for example) there are 
magnificent tailoring factories in which the pay and the conditions 
of labor are incomparably superior to those prevalent in the me- 
tropolis, and which nevertheless find themselves easily able to keep 
pace with the “ sweating-dens” in the race for cheapness of pro- 
duction. What is true to-day of the tailoring trade was, until a 
short time back, no less true of the boot trade, as carried on in that 
pet paradise of the purchasers of cheap and nasty labor, the East 
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end of London. Prior to the strike against “ the sweating system ” 
(in April, 1890), the London manufacturers used to send their boots 
out to be “finished” to “sweating-masters,” who got the work 
done in noisome garrets and cellars by men working eighteen hours 
a day at a wage of about 3d. per hour. It was in vain to remind 
the London manufacturers that in the American factories, as had 
been conclusively established by Mr. Schoenhof’s Consular Report 
of August, 1888, the very same processes were being performed by 
men in receipt of high wages, but assisted by the most efficient 
power-driven machinery, actually at a lower cost than in the Brick 
Lane “ sweating-dens.”” So long as these employers were able to 
get their labor “cheap,” so long did they stick to their obsolete 
methods of production. Now, entirely as a result of the pressure 
applied and maintained by the operatives, who have insisted that 
low cost of production shall no longer be secured by means of the 
oppression of the workers, the American machines have been freely 
introduced both in London and in the provinces, and no one to-day 
could venture to assert that ‘ cheap ” sweated labor is essential to 
enable English boot-manufacturers to compete successfully with 
their foreign rivals. 

No better proof of the direct influence which high wages exer- 
cise upon the productivity of machinery could be given than that 
which is afforded by the history of our great textile trades. If we 
go back to the first years of the century, we shall find the gradual 
rise in wages accompanied by a.steady increase in the efficiency of 
the operatives. ‘Thus, while in 1804 an operative spinning fine cot- 
ton (“200’s”’) turned out no more than nine pounds of yarn in a 
week of seventy-four to eighty hours, earning, after paying his as- 
sistants (“ piecers’’), a net wage of 36s. 6d., in 1833 the output of a 
man employed (on similar work) for only sixty-nine hours in the 
week was no less than nineteen pounds, and his net wage was 42s. 
gd. It was shown before the Committee on Artisans and Machinery 
which sat in 1824 and 1825 that, while the earnings of English 
cotton-spinners were double those paid to French operatives, the 
Englishman got twice as much off a given number of spindles as 
the Frenchman. In 1836 Ure, in his work on “‘ The Cotton Manu- 
facture,” said that the daily output of 800 spindles when spinning 
“40's”’ was sixty-six pounds in England, but only forty-eight in 
France. But the Lancashire of 1892 is even further in advance of the 
Lancashire of 1836 than the Lancashire of 1836 was ahead of the 
France of that date. For, if we compare the figures given by Ure 
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with those contained in the excellent study of the cotton trade 
which has recently proceeded from the pen of that competent 
economist, Dr. von Schulze-Gaevernitz, we shall find that the 
work which in 1836 it took 508 of our operatives (spinners and 
piecers) to perform is now done by 97 only. To give an accurate 
idea of the superiority of the British cotton-spinner of to-day over 
his foreign compeers would scarcely be possible without entering 
too much into the technical details of the manufacture. Buta few 
salient points may usefully be mentioned. While (as Dr. von 
Schulze-Gaevernitz states) in many of the German mills it takes 
five “hands” to tend one pair of self-actor mules with only 1300 
spindles, and while even in some of the best German factories the 
same number of operatives is required to tend 2000 spindles, in 
Lancashire (although we run our machinery faster than the Ger- 
mans) a pair of mules with 2000 spindles is worked by one spinner 
with only two assistants. Another matter well worthy of notice is 
the fact that, while in the smaller German mills there is one over- 
looker to 3000 0r 4000 spindles, and in the best German factories 
one overlooker to 10,o00—20,000 spindles, we in England require 
only one overlooker for from 60,000 to 80,000 spindles. Now let us 
turn to the comparison of the work of English and foreign opera- 
tives given by Dr. von Schulze-Gaevernitz (his figures relating to 
the manufacture of 36’s twist : 


No. of opera- 
tives to each 
pair of mules. 


Wages of oper 
atives per -ek 
| in marks. 


pindles on 
f mules 


les per week. 


per week, 
spun by each pair 
Labor-cost per 
Ib. in pfennigs. 
| 
| 


No. of sf 
each pair o 
No of hours worked 
of mu 
pinners. 
Assistants. 


Spinner | 
Assistants | 
| No. of pounds of yarn | 


Southern Germany. 


Switzerland. 


I 2 
Oldham 
I 3 2 6; 2. 3 40.15} 12.9. 


If we contrast the first with the last of these rows of figures, and 
remark that, while the rate of pay (per hour) in the German mill is 
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lower in the case of spinners by over 120, and in the case of their 
assistants by about roo per cent. than that received by the Oldham 
operatives, the labor-cost is nearly 40 per cent. higher in Germany 
than in Lancashire, we shall not fail to see how great is the disad- 
vantage to our foreign rivals of that “cheap” labor which is, in 
truth, so extravagantly dear. What is true of cotton-spinning is no 
less true of cotton-weaving. The well-fed English weaver can 
without difficulty look after four looms, and can with the aid of a 
juvenile assistant (“ tenter”’) manage as many as six. But, as Dr. 
von Schulze-Gaevernitz tells us, notwithstanding that the Centi- 
nental manufacturers run their looms from 20 to 30 per cent. slower 
than ours are worked, in Mulhouse and in Switzerland each weaver 
can only tend three. The effect of the superiority of the English 
operatives upon the cost of production is shown by the fact that, 
although the rate of remuneration of our English weavers is about 
100 per cent. higher than that received by the Swiss and German 
“hands,” yet we are able to turn out cotton cloth at a labor-cost 
distinctly lower than that in Switzerland and Germany. 

It is, of course, impracticable within the limits of this paper to 
deal fully with the whole of the textile industries. But let us take 
just a glance at the facts in relation to the woolen trade. It is 
well known that the wages paid to the operatives in our woolen 
industry are, to a marked extent, lower than those received by the 
“hands” employed in our cotton mills. According to the evidence 
given before the Labor Commission by a Bradford woolen-manu- 
facturer, an adult spinner (at Bradford the spinning is done by 
women) earns from 7s. 6d. to 8s. 6d. a week, or if specially skilful 
from ios. to 11s. 6d.; while women engaged in weaving are said, 
by one Bradford employer, to be able to earn 16s. 8d. in a good 
week, and, by another, to average 12s. 7d. a week throughout the 
year, a representative of the trade union assuring the Commis- 
sion that their average earnings from year to year are only about 
gs. a week. The warp-dressers in the woolen trade (mostly males) 
are shown to earn, if fully employed, 25s. to 28s.a week. Con- 
trasting with these figures the earnings in the cotton trade we find 
that a first-rate cotton-weaver, whether female or male, can earn 
from 28s. to 30s. in a week, the earnings of a “hand” of average 
competence being 20s. a week, while the weekly earnings of cotton- 
spinners average 35s., and in some cases much exceed this amount. 
Now, the point of interest for us is that, while, on the one hand, 
this country is at the head of the world so far as the manufacture 
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of cotton goods is concerned, and sends its cotton yarns and cloths 
into all parts of the globe, on the other hand, in respect to woolen 
goods, such as are made at Bradford, we are totally unable to face 
foreign competition in the outside markets, the trade being carried 
on upon a relatively minute scale for the home market only. It is 
true that the splendid specialties of the Huddersfield manufact- 
urers go all over the world, and nowhere meet their superior. But, 
then, the wages paid at Huddersfield are much higher than those 
paid in the other woolen-manufacturing districts. 

Enough has been said fully to justify the assertion that, what- 
ever be the difficulties with which our manufacturers have to con- 
tend, the comparatively low rate of wages obtaining in other coun- 
tries cannot with propriety be reckoned among the obstacles to 
the success of English enterprise. On the contrary, the higher 
remuneration which our work-people receive, accompanied, as the 
higher remuneration of labor invariably is, at once by the superior 
proficiency of the operatives and by the superior efficiency of the 
methods of production, creates for English, as compared with for- 
eign industry, advantages of the most precious character. It is 
scarcely too much to say that the most serious danger which Brit- 
ish trade has at this moment to encounter arises from the im- 
provement which is taking place on all sides in the position of 
the workpeople in rival countries. In Germany wages are every 
day higher; and with the increase in its remuneration the pro- 
ductivity of German labor is by slow but steady steps concurrently 
advancing. Even the wide gulf which separates the English from 
the Indian cotton-spinner is being rapidly narrowed. Within the 
last few years the remuneration of the Indian operative has risen 
from 30 to 4o per cent., while his industrial efficiency has nearly 
doubled. Under these circumstances it must be clear that the 
true line of deliverance for our English industries, hard-pressed 
as these unquestionably are by foreign competition, is to be found 
in the augmentation rather than in the diminution of the wages of 
English labor. Of all conceivable ways of combatting foreign 
competition, the lowering of the English wage-standard would be 
the very worst. Among economic axioms there is none which 
deserves a greater measure of respect than the profound truth that 
“the laborer is worthy of his hire.” The belief in the “cheapness” 
of ill-paid labor is the most dangerous of all delusions.-- Zhe Fort- 
nightly Review. 
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WOULD THE PAN-AMERICAN ROAD PAY ? 
By Charles P. Yeatman, M. Am, Soc. C. E. - 


N view of the impetus given to the idea of building a railroad 
| to connect North and South America, by the recent Pan- 
American Congress at Washington and the subs:quent sur- 
veys by the International Railway Commission, I feel justified in 
saying something on a subject which has been treated more sen- 
timentally than practically. It may not be out of place to add that 
the writer is a civil engineer of more than twenty years’ experience, 
most of which has been in railroad surveys and construction, in- 
cluding nine years in South America, almost in the pathway of 
the proposed line. 
In considering this enterprise from a practical standpoint the 
first problem is 
not “Can it be 
built?” but “Will 


it pay?” An in- 


spection of the 
map of North 
and South Ame- 
rica will make it 
appear doubtful 
that it will ever 
pay as a through 
freight and pas- 
senger route, for 
at its best it will 
compete for 1600 
miles with a 
route which has 
been built since 
the creation, and 
has not had one 
cent spent on it 
for repairs. Over 
ita ton of freight 
from South Ame- DONKEY LOADED WITH EARTH, 


rica comes to- [Now’ considered a satisfactory means of transportation by the natives.] 
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WOULD THE PAN-AMERICAN ROAD PAY? 


A PACK-TKAIN OF BULLOCKS, JUST UNLOADED, 


[Transportation means now suited to native needs.] 


day at the rate of less than a half-cent per mile or about half the 
average railroad rate. These may be called monopoly prices, 
for competition thus far has been out of the question, 

A writer in Zhe Forum for March, 1892, in treating of this sub- 
ject, assumes that Carthagena, in the northwestern corner of South 
America, is the natural shipping port of that country, and compares 
the distances from it to various points in the United States by the 
ocean route and by rail via the proposed Pan-American road. In 
round numbers the distance from Carthagena to New York is 2100 
geographical miles by ocean, and 4ooo by land. The writer in Zhe 
Forum claims, however, that the difference in distance by the two 
routes becomes less as we leave the Atlantic coast, making the 
point of equal distance at Kansas City, any point west of that 
showing a comparison in favor of the land route. 

This comparison is made under the strange assumption that all 
the ocean traffic must pass through New York or Newport News. 
The fact is that much of it, to-day, goes to New Orleans, through 
the Caribbean sea and Gulf of Mexico; and by that path the ocean 
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line to Kansas City, from Carthagena, is 2400 miles against 3100 
via the Isthmus and Mexico. Hence, to reach Kansas City, the 
land line must compete in cheapness with ocean traffic for 1600 
miles, and be handicapped by a loss in distance of 700 miles. On 
nearing San Francisco the distances become nearly equal, but the 
traffic would then be from the South Pacific port of Buenaventura, 
and the competition would be side by side with ocean traffic for 
3500 miles ; the land service competing with a line of steamers 
which carries passengers from San Francisco to New York, via 
Panama, for $125, or two cents per mile,—with one month’s board 
and lodging included. 

As the only part of the United States which would be as near 
to South America by rail as by a sea route is the Rocky-Mountain 
region, and as that is in no urgent need of rail connection with the 
tropics, we may say that as a means of saving distance the Pan- 
American railroad would be a failure. As a cheaper line for traffic 
it would hardly be a success. In saving time it might compete in 
the West for the carriage of passengers, mail, and express. 


MODE OF HAULING HEAVY LOADS OVER THE ANDES, 


[Pieces of the Bogota Mint en route.] 
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At present the trade of the United States with South America 
is made at the economical rate of ten miles per hour, but if neces- 
sary the speed could be increased to that of the transatlantic steam- 
ers, twenty-two-and one-half miles per hour, and at least 1600 miles 
of the railway would do well to average that rate of speed with its 
fastest trains. The most southerly point with which we havea 
rail connection is Jojutla, 183 miles south of the city of Mexico. 
From this point to Carthagena, via the Isthmus, the distance is 
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1600 miles, through a sparsely-settled country, with a few short 
pieces of railroad which run mostly east and west. Probably in 
that whole distance not fifty miles could be gained by using exist- 
ing roads. 

At least 300 miles of the line, at the Isthmus, would be through 
a country which is entirely unsettled except where the Panama 
railroad crosses it, and where in one or two places on the coast 
there are a few fishermen's huts. In the mountain ranges in the 
interior are some tribes of savage Indians, but no civilized beings. 
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The reader who will study the illustrations accompanying this 
paper, all of which faithfully portray types of natives in the coun- 
tries to be traversed by the proposed Pan-American route, and 
their occupations and means of support, will be more strongly con- 
vinced than he could be by words alone of the lack of local traffic 
which such a railway would experience. 

To give an idea of the probable cost of a railroad through this 
country, we can take the Panama railroad asa fair example. Its 
474 miles of road cost $8,000,000,—or $179,000 per mile. At the 
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same rate this 300 miles of road would cost $53,700,000. The 
question naturally arises: “ How does the Panama railroad pay 
such high dividends?” and the answer is, simply by charging en- 
ormous rates. A first-class passenger who crosses the Isthmus pays 
$25 in United States gold for his ride of 47} miles. The building 
of that road made but little difference in the amount of freight 
carried in vessels around Cape Horn. To day its main traffic is in its 
passenger, mail, and express service, and the carrying of the high- 
est class of freight. This road was built by American capital and 
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under American management, and the records of South American 
roads show that we can build roads there for less than half what 
the English spend on them. 

The man who has not lived in a tropical swamp cannot prop- 
erly appreciate that 300 miles of Isthmus. The water-supply in 
these swamps is ample for nine months of the year, but navigation 
in any direction is extremely slow and laborious. The water may 
vary from knee-deep to waist-deep until an abandoned creek chan- 
nel, the current of which may be so sluggish as to be almost im- 
perceptible, will suddenly show a depth of ten feet. ‘The water is 
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THE HAY-MAKING INDUSTRY. 


by far the least obstacle to a surveying party. Fallen trees, dense 
undergrowth, and vines, all plentifully supplied with thorns, make 
a mat through which scarcely a step can be taken without cutting 
a path. Ona preliminary survey, dodging large trees, and avoid- 
ing all obstacles possible, a half-mile per day of line is good work. 
This requires four axemen at the front, equipped with ‘‘ machetes,” 
which are heavy knives from eighteen inches to two feet long. 
There are species of palm which test these knives severely, and 
it will be an exceptional machete which escapes a thicket of these 
palms without at least one dent on its cutting-edge, and it is not 
uncommon to completely ruin a machete in five minutes’ work. 
The foliage is so dense that it is rare that the engineer can see 
more than a hundred feet ahead. The sky is an unknown quan- 
tity, but mosquitoes, gnats, sweat-bees, ticks, chiggers, and car- 
nivorous ants he has always with him. , 
The popular idea is that, since in this day of modern appli- 
ances and energy man can far outdo his ancestor of three or four 
centuries ago, he can overcome nature herself. Let us look at the 
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history of this same strip of land. The Isthmus of Darien is but 
fifty miles wide. Balboa, in 1513, was the first civilized man to 
cross it. His men were loaded with armor and weapons, but they 
probably made natives cut a path for them through the tangled 
undergrowth. Of his 190 men but sixty-seven reached the divide ; 
the rest were left behind sick or dead. The Spaniard returned, and 
later led 20c men who cut timber for four brigantines on the Atlan- 
tic shore, and carried the timber, with anchors, rigging. etc., over 
the mountains to a river which flowed to the Pacific. Here it was 
found that the timber, which had been cut near salt-water, was so 
worm-eaten as to be worthless. A new supply was cut on the 
ground where they were, but a freshet carried it off and cut off 
their road to supplies until they were nearly starved. A third bill 
of timber was gotten out, and they finally reached the Pacific after 
losing many men. 

In 1849 there arose a demand for a ship-canal across the Isth- 
mus. An Irishman. 
named Cullen saw 
his opportunity for 
notoriety and cash, 
and published a 
book,—which had a 
ready sale for sev- 
eral editions, — in 
which he professe« 
to have’ walked 
across the Isthmus 
of Darien several 
times, blazing trees 
to mark the way. 

He claimed that 

only three or four 

miles of deep cut- 

ting would be neces- 

sary to allow ships 

to sail from ocean 

to ocean. Cullen’s 

story was so plaus- 

ible that an English 

company sent a civil 
engineer, named NATIVE METHOD OF CARRYING WATER: 
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Gisborne, to make a survey and report. The Englishman, not to 
be outdone by any Irish bog-trotter, professed to have made the 
survey, and published a book giving details, with map and profile. 
He located the summit of the divide at 150 feet above sea-level. 
This official report caused four nations to send expeditions to 
explore this part of the Isthmus and examine the route. An Eng- 
lish expedition started from the Pacific, and after cutting their 
way through twenty-six miles of dense swamp undergrowth, then 
gave up the attempt. An expedition composed of French and 
English left the Atlantic side, guided by both Gisborne and Cul- 
len. - The former could not find his own stakes, and the latter 
could find none of his blazed trees, for the very good reason that 
they existed only 
on paper. The 
ground did not cor- 
respond tothe map, 
and they were lost 
so completely in the 
Caledonian valley 
that they finally re- 
turned to their ship 
after having gone 
six miles toward the 
interior. The Co- 
lombian party, ex- 
ploring their own 
country, made as 
complete a failure 
as the other two. 
To our fellow- 
countrymen alone 
belongs the credit 
of having crossed 
from ocean to 
ocean. The United 
States expedition, 
with twenty-seven 
men, under Lieu- 
tenant Strain, of 
the Navy, left the 
Atlantic coast with 
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VIEW ON THE ANTIOQUIA KAILWAY, SHOWING DENSE TROPICAL FOLIAGEs 


ten days’ provisions, relying on Gisborne’s map. They soon 
found that the map was not to be relied upon, but persevered 
in spite of terrible hardships. The divide was found to be more 
than 1500 feet high, instead of 150. Before reaching it they 
passed a small Indian settlement, but on the Pacific slope they 
found no sign of human habitation until they were nearly at the 
Gulf of Darien. The party would all have perished but for the 
energy of Strain, who, when he found the majority of them almost 
unable to travel, went ahead with two of the strongest men, 
reached the Patific, led a rescuing party of English sailors and 
natives, and overtook his starving men scattered along the road 
over which they had come, trying to return to the Atlantic. They 
were covered with ulcers and boils, and were little more than skele- 
tons, “train was reduced in weight from one hundred and forty- 
five to seventy-five pounds. 

But it is not necessary to go back forty years to get an idea of 
the trials awaiting the company, or nation, which attempts to dis- 
turb nature in this tropical wilderness, The last ten years have 
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seen perhaps the most colossal and utter failure that the history of 
the world has recorded against the enterprise of mankind. The 
Panama canal was started ten years ago with the name of Count 
De Lesseps, the “ Grand Frenchman,” as his countrymen called 
him, at the head of the enterprise. He had built the Suez canal, 
and those who knew nothing of the Isthmus seemed sure he could 
build a canal anywhere. At an International Congress held in 
Paris his name and influence won a majority of the votes cast, in 
favor of his scheme to construct the canal at Panama in pref- 
erence to at least six other proposed routes. He had no survey on 
which to base his estimates, and only a map and profile of the 
Panama railroad to give him any knowledge of the country. He 
insisted on a sea-level canal, without locks, and was ignorant 
of the fact that the tide on the Atlantic side is from twelve to 
eighteen inches, while that on the Pacific is from nineteen to 
twenty-one feet. He proposed to turn the Chagres river into the 
canal, and cited his Suez experience. He was not aware, though, 
that, while the yearly rainfall at Suez is 1.3 inches, that at Panama 
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\ NATIVE MARKET IN SOUTH AMERICA, 
is 124 inches. In 18go0 the rainfall at the Isthmus was 297 inches. 
In the month of July alone the fall was 524 inches, or 113 
inches more than the annual ks tad 
rain and melted snow combined 
in Cincinnati. 

The representatives from 
the United States had a survey 
and detailed estimate of the 
Nicaragua route, with map and 
profile, showing a faithful study 
of the country, but the public 
sentiment was in favor of Les- 
seps. 

The result was a Panama- 
canal “boom.” Men and 
money were crowded to the 
Isthmus with not even a pre- 
liminary line run, Soon it was 
found that it would not be 
safe to turn the Chagres 
torrent with its irrepressible 
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cargo of mud and drift into a level canal, and an estimate was 
made to cut a separate channel for this stream to the Atlantic. 
The estimate for this was nearly equal to the entire original esti- 
mate for the canal. In eight years the money was all gone, and 
it is difficult to say just how much the sum total was, but it was 
not less than $240,000,000. 

To day, if the attempt were to be renewed to build a sea-level 
canal at that point, it is said that less than one-tenth cf the work 
necessary would be found done. Many of the deepest cuts have 
been almost filled by land-slides. Locomotives, cars, and costly 
machinery, representing millions of dollars, stand to-day on the 
Canal company’s sidings, eaten by rust, and covered by tropical 
vines and undergrowth, a monument to the folly of the belief that 
nature is bound to succumb to modern man and his appliances. 

The maintenance of way of a swamp railroad in the tropics is 
no small item. The only accurate data which I have at hand 
gives an underestimate in the case of the first road mentioned, as 
fully half of the line was on high ground, was new, and needed 
comparatively little repair. The Antioquia railroad, in 1883, cost 
for repairs of track and bridges $2266 per mile. The Cauca rail- 
road, in the same year, cost $3837 per mile. These two roads are 
in Colombia, and are sometimes mentioned either as future feeders 
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of the Pan-American railroad, or parts of its main line. On the 
Antioquia road, if the undergrowth were cut at the beginning of the 
rainy seascn, less than two months’ rain was sufficient to form an 
arch of green trees thirty feet high, leaning over the track so as to 
shade it completely. 

The constant change from dryness in the day to soaking moist- 


A SOUTH AMERICAN MINER, 


ure at night, even in the dry season, would soon ruin the best of 
timber, but nature furnishes a still quicker means of getting rid of 
it, in the shape of an ant or wood-louse, which is careful not to mar 
the outside of his domicile, but will patiently honeycomb the in- 
side, until what looks like a solid twelve-by-twelve stick is but a 
shell from { to 4} inch thick, filled with dust and ants. The native 
timber suffered so much from the inroads of these pests that, upon 
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hearing that yellow pine was used in Panama to avoid them, a trial 
of it was made on the Antioquia road. Georgia pine had to be 
shipped by way of New York, at a cost of nearly $100 per thousand 
feet, board measure, when put in place. When I left there, the first 
of my ycllow pine trestles was being replaced. It had been built 
less than four years. 


NATIVE COLOMBIAN WOMAN, 


It is amusing to see with what confidence even civil engineers 
will write of a territory which they have never seen. An engineer 
in Peru wrote not iong ago to the Aat/road Gazette (New York) : 
“ Bogota, the capital of Colombia, can be reached by a line up the 
valley of the Magdalena to Honda, from which place a road is built 
to the capital. Average cost per mile would be quite moderate.” 
1 have been up and down that Magdalena river often, lived 
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BRIDGE OVEK AQUAS CLARAS, HONDA, 


on its banks for years, and made a survey for a railroad from a 
point above Honda to Bogota, and I can assure the writer that 
from the mouth of the Magdalena almost to Honda—a distance of 
600 miles—the valley is an abominable swamp, varying from 
twenty to one hundred miles in width, with oases of high ground 
few and scattered. The cost of railroad construction through it 
would be not less than $50,000 per mile for a very temporary road, 
and the traffic would not pay half the cost of repairs. 

At Honda there is a narrow gage road about sixteen miles long, 
connecting the navigation above and below the rapids, but not 
running in the direction of Bogota. From Honda to Bogota there 
is a mule road, but it is not possible to drive a vehicle of any kind 
over it. On the plain of Bogota there is a railroad twenty-two 
miles long, running from Bogota toward Honda, which has been 
built within a few years. My estimate of cost of a narrow-gage 
road from the Magdalena to Bogota, ninety-six miles, was about 
$6,500,000, in Colombian money. ‘This line had thirty-five miles 
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OMOTIVE BOILER, 


of 4 per cent. ascending grade, and curvature as high as 20 de- 
grees. 

In conclusion, I would say that in my opinion the Gordian knot 
of the Pan-American railroad problem lies in that crooked Isthmus 
of Panama and the country immediately south of it. At present it 
is certain that, if the road were built through the entire extent of 
the proposed line, no company or syndicate on earth would main- 
tain it for the traffic which might pass over it. That tropical coun- 
try is too sparsely settled, the people have too little need for exer- 
tion, and the governments are too unstable, to justify the risk of 
capital in any such venture. Reference may again be made to the 
pictorial arguments accompanying this paper, which can hardly 
fail to convince any but enthusiasts how unpromising is the field 
and the people for the building of an expensive railway. 
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REFRIGERATION FROM CENTRAL STATIONS. 
By John E. Starr, M. E. : 


HE time and talent of the modern engineer have been largely 
T occupied with efforts to simplify and cheapen operations in- 
volved in securing the primary necessities of domestic and 
business economy,—water, light, heat, power, transportation, com- 
munication, and the preservation of food. Capital and business 
acumen have gone hand in hand with the engineer, and so rapid has 
been the progress made, and so well has the public been educated 
in the advantages of the resulting improvements, that the luxuries 
of yesterday have become the necessities of to-day. 

The “central plant,” with its distributing arms reaching to the 
smallest consumer, has become a fixture in metropolitan life as per- 
manent as the maintenance of pavements and sewers. The record 
of the development of methods for the distribution of water and 
illuminating gas is now deemed ancient history in engineering 
annals, and our attention is claimed for the progress of electrical 
distribution for light and power, the transmission of speech, the 
installation of compressed-air plants, and the attempts to distribute 
hot water and steam for heating. A new chapter may now be 
added to the already voluminous record of “ central-station " work: 
the history of the d'stribution of refrigeration by underground pipe- 
lines from a central plant. The term “distribution of refrigera- 
tion,” by the way, may not be a scientifically appropriate expression. 
In all of the other operations referred to something is sent to the 
consumer, as water, heat, or power. The refrigerating process is 
one of collection rather than distribution. For, instead of sending 
to the consumer something (as light or water) that he desires to 
make use of, the refrigerating system takes away from him some- 
thing that he desires some place to be deprived of,—namely, heat. 

The pipe-line refrigerating system may be termed the comple- 
ment of steam-heating. In the latter process a vapor—steam—is 
sent out from the central plant, and, by means of branches, con- 
veyed to the heat-transferring surfaces,—vz. ¢., radiators; there it is 
condensed into a liquid—water—and in so condensing gives out 
heat; the water is then returned to the central plant, where it is 
again vaporized and again sent out to the consumer. 
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In the refrigerating process a /iguid of low boiling-point (such as 
ammonia) is sent out, and, by means of mains and branches, con- 
veyed to the heat-transferring surfaces,—that is, the “expansion 
coils.” Here the liquid is released from pressure and, owing to its 
low boiling-point, is vaporized, so faking up heat; the resulting gas 
carries the heat in a latent form back to the central station, where 
the heat is “squeezed out” by pressure and transferred to the 
sewer through the medium of the cooling water used on the con- 
densers. The gas is again reduced to a liquid and again sent out. 
It will thus be seen that the working fluid is merely a vehicle to 
convey heat from the central station to the consumer, in the case 
of steam-heating, and to convey heat from the customer to the 
central station in the case of refrigeration. 

The older method of conveying heat from the inside to the out- 
side of a refrigerator is necessarily clumsy and its expense uncer- 
tain. The cutting of ice in winter, its storage through the summer, 
its transfer piecemeal to the refrigerator, the large amount of room 
required to hold the ice needed to take up the heat rapidly enough 
and to transfer it to the outside in the resulting ice-water are all 
serious disadvantages. 

Up to the introduction of the pipe-line system only those who 
required large amounts of heat to be transferred could afford the 
appliances necessary to effect such transfer without using ice asan 
intermediary. ‘To such large consumers of cooling power the in- 
troduction of ice-machinery has been of incalculable value. In the 
brewing, meat-packing, dairy, and cold-storage warehouse indus- 
tries, the refrigerating-machine saves annually millions of dollars, 
and renders possible operations on an enormous scale. ‘To secure 
to the smaller consumer the benefits, and to the vendor the profits, 
of mechanical refrigeration was the problem of the pipe. line engineer. 
The general economical advantages required to be preserved may 
be stated as follows: 

First, the realization of enormous economy by operating in such 
a way as to transfer the heat directly from the customer to the 
central station without using ice as an intermediary. 

Second, the great economic advantages in distribution. 

Third, the general advantage of producing power on a large 
instead of on a small scale. 

Fourth, the commercial advantage of being able to offer to the 
smallest consumer of refrigeration all the benefits and economies 
of artificial refrigeration now obtained only by large consumers. 
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To explain more specifically the first of the above considerations, 
it may be said that all refrigerating-machines have two ratings, 
one known as its “refrigerating capacity” and the other as its 
“ice making capacity.” The latter is usually placed at the outside 
at only 60 per cent. of the former. That is to say, if we have a 
refrigerating-machine that will produce as much cooling power as 
could be obtained from too tons of ice, this machine, if 
placed directly at work on the space to be cooled, would 
manufacture only sixty tons of ice. This may be more readily 
understood when it is remembered that in ice-making the water 
which is to be frozen has first to be cooled by the machine from a 
temperature of 80° or go® F. to the freezing-point before the process 
of congelation begins. This loss, together with the absorption of 
heat in and around the ice-making tank, makes up the 4o per cent. 
difference, and this is why all refrigerating-machines are catalogued 
commercially with the two ratings mentioned. 

In the pipe-line process the refrigerating-machine is put directly 
at work on the spaces to be cooled. Where a central plant has the 
equivalent of roo tons of ice to deliver to its customers, the artificial- 
ice plant has, with the same machine and the same expenditure in 
coal and engineer’s wages, but sixty tons to deliver. This leads to the 
second consideration. The sixty tons of artificial ice with the ex- 
pense mentioned are only delivered at the factory door. The too 
tons of the station have been delivered to the customer. 

The delivery of ice, even to large consumers, is one of the 
principal factors of cost, while to smaller consumers, say of from 
50 to 500 pounds per day, the delivery is by far the greater portion 
of cost. The service of ice requires usually a team of horses, a 
wagon, and two men for delivery in a comparatively limited dis- 
trict, and the cost of delivery by this method usually ranges from 
fifty cents per ton for the larger consumers up to $2.50 per ton for 
the users of small pieces of from ten to 200 pounds per day. This 
large “ operating cost” of delivery, which to the ice-dealer is an 
item of expense, becomes to the pipe-line company an item of profit. 
The upkeep, or repair account, is little if any more by the pipeline 
method than by the horse-and wagon system of delivery. 

‘The methods by which these economies are preserved have been 
worked out to a satisfactory commercial result in two cities of tlhe 
United States. The experiment was tried on a commercial scale 
first in Denver, Colorado, and later in St. Louis, Missouri. In the 
former city the first street pipe-line was laid in the spring of 1889 
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and in the latter in 1890. In both cities the lines have been grad- 
ually extended until a considerable part of the business portions 
is now reached by the refrigerating-mains. The advantages and 
the economy of the system have stood the test of time, and similar 
plants are projected at other points, such as Kansas City, Dallas, 
Brooklyn, Atlantic City, and Cincinnati. 

As before stated, the operation of the pipe-line depends on the 
use of a suitable working fluid, having a low boiling-point. The 
fluid used in the majority of refrigerating-machines at this day is 
anhydrous ammonia, This is the fluid used in pipe-line work. At 
a temperature of 80° F. it remains liquid under a pressure of about 
150 pounds, while at a temperature of one atmosphere it boils at 
about 30° below zero. Any refrigerator whose temperature exceeds 
30° below zero, then, will transfer heat into this /égu¢d and boil it 
into a vapor, provided the pressure in the “ boiler” is kept no higher 
than one atmosphere. As it usually is not required to hold a re- 
frigerator, even for freezing purposes, below 20° F., a higher pressure 
in the “boiler may be permitted. For example, the boiling- point 
of ammonia at twenty-eight pounds pressure above the atmosphere 
is only 15° above zero. 

An elementary pipe-line system, then, would only require a pipe 
strong enough to safely hold liquid ammonia under a pressure of 
about 150 pounds to carry the liquid to the refrigerator, and a sec- 
ond line, capable of safely holding ammonia gas, under a pressure 
of from one to two-and-one-half atmospheres, to take the expanded 
gas back to the factory after it had been “ boiled out” in the pip- 
ing placed inside of the refrigerator. 

Commercial adaptability requires a more complex system of 
piping. In Denver and St. Louis the method of laying the pipe- 
line is as follows: A trench is made in the street, from three to six 
feet deep, at the bottom of which a half-section of twelve-inch 
vitrified sewer-pipe is laid, bedded in concrete, with the concave 
side uppermost. The iron pipes conveying the ammonia are care- 
fully joined together and laid on saddles resting in the vitrified- 
pipe channel. After a thorough test for leaks the upper half of 
the twelve-inch vitrified pipe is laid on and a cement joint made 
with the lower half-section. The ammonia-pipes are thus entirely 
inclosed in a water-tight and practically indestructible conduit of 
vitrified-clay, the object of which is twofold: it gives protection 
and long life to the iron pipes by keeping them away from moisture 
and contact with the earth, and makes possible the prompt detec- 
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tion and location of leaks. Man-holes are provided at street inter- 
sections, and at other suitable points, where cocks in the main 
lines are provided, to permit the shutting off of certain sections, 
and to control generally the operation of the mains. , 

The ammonia piping system, as far as the mains are concerned, 
consists of a “liquid line,’ conveying the liquid ammonia under 
pressure; a “vapor line” or “return main,” carrying the ex- 
panded gas to the factory, and a “vacuum line,” the object of 
which will appear presently. The size of these main lines is reg- 
ulated by the distance to which the service is to be carried and by 
the maximum amount of duty expected. At intervals of about 
thirty or forty feet a service branch, generally of half-inch pipe, is 
brought out by a T from each of the main lines. These three 
service-pipes are run together, usually through an eight-inch con- 
duit, to a stop: box at the sidewalk, where suitable stop-cocks are 
placed, as in water- and gas-service. The three branch lines are 
carried on inside of the building to the customer’s refrigerator. A 
coil or grid of piping is placed in any convenient position (usually 
on the side walls) inside of the refrigerator. This is called the 
“‘expansion coil” and corresponds to the radiator in steam-heating. 
At one end the expansion coil is connected with the liquid branch, 
and at the other end it is joined to the vapor branch. A suitable 
valve regulates the flow of ammonia from the liquid branch into 
the expansion coil. The latter communicates freely with the vapor 
branch. A constant suction in the return or vapor line is kept up 
in the central station, keeping the pressure in the expansion coil 
down to from one to two atmospheres. The regulating-valve is 
slightly opened and a tiny stream of anhydrous ammonia flows into 
the expansion coil. There, being relieved from pressure, it boils 
or vaporizes at a very low temperature. The heat to produce this 
vaporization comes from the interior of the refrigerator. ‘The gas 
resulting from this evaporation returns by way of the vapor branch 
and return main to the central station, carrying with it the heat it 
has absorbed from the interior of the refrigerator. At the central sta- 
tion the gas is reduced by pressure and cooling toa liquid, which is 
again sent out into the liquid main. The amount of liquid allowed 
to flow through the regulating-valve is governed by the size of the 
box, the temperature required, and the general character of the 
service. Sufficient expansion coil is provided in every case to boil 
out all the liquid admitted. The liquid, being held under pressure 
up to the wall of the refrigerator, cannot expand or produce any 
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cooling effect, so that no cooling power is wasted in the mains or 
branches. The only place where heat is taken up or cold produced 
is in the refrigerator, where it is paid for. 

An important disadvantage met with in steam-heating from a 
central plant—that of large loss by radiation from the mains—has 
no counterpart in the refrigerating system, as in the latter no power 
is lost on the way. 

The vacuum line is a vital portion of the system, for without it 
continuous operation could not be secured, nor could necessary re- 
pairs be made. The branches from this line are connected at each 
box with the liquid and vapor branches. Normally they are shut 
off from these branches by suitable cocks. In case of necessary 
repairs in or about the piping connected with the refrigerator, or of 
extensions required of the service inside of the building, or of a re- 
moval of the refrigerator, the liquid and vapor branches are shut 
off from the main lines at the stop box, and the cocks into the vac- 
uum line are opened. At the station a vacuum pump connected with 
the vacuum main is started, and all the gas contained in the section 
required to be cleared is pumped back to the station and saved. A 
ten- or fifteen-inch vacuum is usually produced in addition to pump- 
ing back the gas. ‘The piping may then be safely opened without 
the slightest smell of ammonia resulting. The vacuum line is also 
cut into the main line at man holes and other points, so in case of 
a leak the injured section may be rapidly cleared of gas. This line 
may be used as a “ by pass” line to bridge one or more blocks, in 
case of injury to any portion of the other main lines. 

The pipe line has so far been laid with such great care, and the 
development of proper fittings and valves has so far progressed, 
that little if any difficulty has arisen from leaks. In fact, in only 
two cases has a leak on the main lines occurred,——once each in St. 
Louis and in Denver. With the aid of the vacuum line these leaks 
were promptly stopped with little difficulty and slight expense. 

To operate the pipe line successfully it is necessary to have at 
the central station a suitable refrigerating-machine. There are 
now in the market two types, compression and absorption ma- 
chines, the general characteristics of which are familiar to any 
reader on engineering topics. Almost any machine in the market 
could successfully operate a pipe-line system, but for one fact. In 
ice-making, or in cooling a definite amount of space, such asa cold- 
storage ware-house or brewery, the operation of the machine is at 
a constant rate ; that is to say, when one pound of liquid is sent 
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out, a pound of gas is at the same time received by the machine, 
and the rate of such sending out and reception is constant. The 
refrigerating load on the pipe-line, however, is irregular, and its 
variations may be compared to the shifting load of an electric- 
light plant. One of the difficulties apprehended when the pipe-line 
business was projected was the difficulty in handling with the 
present type of machines such a duty as is indicated. The changes 
in the load occur at unknown intervals, and the amount of change 
could not be predetermined. The absorption machine was, there- 
fore, chosen, as it more readily admitted of adaptation to this par- 
ticular duty. In this machine, as is well known, the ammonia is 
distilled out of its combination with water or aqua-ammonia, and, 
still under the pressure produced in the distilling process, it is run 
through surface condensers and compressed into liquid. This 
liquid, after having performed its refrigerating duty and in so doing 
expanding into a gas, is returned to the machine and received into 
the water out of which it was originally driven ; it is then again 
distilled. It is important that this process of distillation should be 
kept up at a regular rate. 

The pipe-line, however, calls for an irregular use of the product 
of the machine. This is easily handled with an absorption ma- 
chine by storing up ahead, in reservoirs, considerable quantities of 
anhydrous ammonia, so that, if the line calls for a rate of outflow 
of the ammonia faster than the rate of distillation, the call may be 
met So far, this duty could be performed by a compression machine. 
But it is in the irregular flow of the gas back from the refrigerators 
that the real difficulty exists. With the absorption machine it is 
simply necessary to interpose between the absorber and the still 
pump a reservoir of sufficient capacity to hold in reserve a suitable 
amount of strong aqua ammonia. Another reservoir is provided, 
holding a surplus amount of weak aquaammonia. The gas, there- 
fore, may come back either rapidly or slowly, and it is only necessary 
to use sufficient of the reserve quantity of the weak aqua am- 
monia in the absorber to receive the returning flow of gas. The 
resulting product of strong ammonia is stored inthe other tank to 
be distilled at leisure. The combination of these two tanks and 
the anhydrous-ammonia reservoirs, therefore, makes a complete 
system to allow for “come” and “go.” The refrigerating service 
may vary within wide limits from hour to hour, while the distilling 
process may go on at a constant rate and the pressures on the main 
lines be held constant. In fact, this storage system in cold weather 
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or with a light load makes it possible to stop the process of distil- 
lation altogether for a considerable time, while the process of re- 
frigeration is steadily kept up. 

The pipe-line system is elastic and admits of a wide number of 
applications. The bulk of the work so far performed by it is to 
take care of the regular storage-box for hotels, restaurants, saloons, 
butchers, butter and commission houses, etc. The particular ad- 
vantages to this class of consumers are the low and regular price, 
the maintenance of lower temperatures than can be procured by 
the use ot ice, cleanliness, relief from all care in the management 
of temperatures, and the room saved. ‘The latter item amounts to 
from 20 to 4o per cent. of the total cubic contents inclosed by the 
insulating walls. 

The principal hotels and restaurants and down-town butcher- 
shops in St. Louis and Denver are using this system in their stor- 
age-boxes. But the applications of the system do not end here. 
In many hotels, cafés, and saloons ice is required for water-pitch- 
ers and to crack up for mixing beverages. In such cases a 
miniature brine-tank is provided, through which the expansion 
coils connecting with the pipe-line are run. Molds of suitable 
size are placed in the brine, and the operation of ice-making is 
carried on just as at the large ice-factory. Where small amounts 
of ice are needed for cracking up, a small insulated reservoir is 
provided and the expansion pipes are placed close to the sides. 
Water is then poured into the reservoir, and ice forms on the expan- 
sion coils and extends towards the center of the reservoir until a 
solid mass is frozen, This is chipped out as desired, and new water 
added from time to time. 

Another important branch of the business is supplying cold 
water for large stores, factories, and offices. The installation for 
this service consists of a water-tight insulated tank, having at the 
bottom a coil through which the hydrant water is passed on its way 
to the taps. About a foot of water is poured in on top of this coil, 
and just underneath the surface of this water the expansion pipes 
are placed. A sheet of ice five or six inches thick is formed by the 
action of the expansion coil, thus keeping the water coils con- 
stantly surrounded with ice-water of low temperature. The city 
water so cooled may be then carried by insulated piping to taps in 
any portion of the building. The cooling of soda-water fountains 
is effected in the same way. ‘The manufacture of ice-cream is also 
more easily accomplished by the aid of this system. Other branches 
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of business are also supplied, as the manufacture of perfumes and 
chocolate confections. 

Among the luxuries furnished by this system may be mentioned 
the cooling of living-rooms, which, in such a climate as that of St. 
Louis, proves a great luxury. The refrigerating company there 
started in with contracts to reduce the temperature of cafés and 
dining-rooms twenty degrees below the outside temperature. No 
difficulty was found in cheaply reducing the temperature even toa 
lower point than this, but sanitary considerations, and the comfort 
of the frequenters of such places, determined thata differeace of from 
ten to fifteen degrees between the inside and the outside temperature 
was the most satisfactory. It is interesting to note that the same 
piping used for the ammonia cooling service in the summer is used 
for steam heating purposes in the winter. It happens that in neither 
Denver or St. Louis do the pipe lines reach any of the hospitals, 
though the benefit of their use in such institutions is apparent. 

As in every other central-station enterprise, commercial suc- 
cess in this depends on the volume of business that can be reached 
with a reasonable investment. The financier must look further 
than the successful attempts of the engineer in performing his du- 
ties of working out the mechanical problem. In this connection it 
may be said that Americans are the greatest users of refrigeration 
in the world. The poorest of our citizens are customers of the ice- 
man. The refusal of an employer to provide cold water in summer 
for the most humble of his workmen would result in a strike, while 
the lavish use of ice in all things connected with bodily refresh- 
ment is a matter of surprise to the European visiting our country. 

The results in St. Louis and Denver have shown that the busi- 
ness may be successfully carried on with an annual return no greater 
than $7000 for each mileof mains. Inthe business districts of the 
larger cities the demand for refrigeration per mile would be much 
greater than this. A canvass of five miles of streets in the business 
portion of St. Louis, for example, showed a present consumption of 
ice amounting to $170,000 per annum, basing the cost of ice (de- 
livered) at the low price of $4 perton. A canvass of three miles 
in Kansas City shows a demand of $72,000. In the better residence 
portions of these cities the consumption of ice is estimated, at $5 per 
ton, at from $12,000 to $16,000 per mile. In the middle-class sec- 
tion the annual demand, at the same price for ice, is from $8000 to 
$12,000 per mile. It is safe to say that any American city of 20,000 
inhabitants could readily support the pipe-line system. 
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CONDITIONS OF FORESTRY AS A BUSINESS. 
By W. J. Beal, M.S., Ph.D. 


ORESTRY is a business, like agriculture,—an industry which 
fF is concerned in the production of a soil crop. It is the art 
of managing a wood crop so that it will make the best har- 
vest of timber, in the shortest time, at the greatest profit. For- 
estry differs from agriculture, however, in that it takes many years 
for the crop to mature, and the crop is then a complicated one. 
Forestry in the United States as a defined business is now in its 
earliest stages,—chaotic or undeveloped. In its most perfect con- 
dition forestry is not a single science or art, but combines rela- 
tions to several sciences and arts. On its scientific side it touches 
botany, chemistry, geology, meteorology, physics, geography, and 
entomology ; on the art side it touches horticulture, arboriculture, 
lumbering, and protection from fires. 

In parts of Europe the growth of timber is. already well sys- 
tematized, but knowledge of the subject in all its details has been 
of slow growth. More than a hundred years ago a few alarmists 
in Europe prophesied an approaching dearth of timber. This agi- 
tation helped to induce economy in the use of timber and tc delay 
the evils predicted. Without giving the strictest attention to sys- 
tematic arrangement, we may note some of the chief attainments 
by the leading countries of Europe in the management of forests 
and the methods adopted to accomplish such results. 

It would seem that government ownership and control of much 
of the forests in the old country gave a great advantage over our 
newer country, where “private enterprise’? accomplishes almost 
everything. There, even the woodlands of corporations and of 
individuals are subject to the laws of the country, which specify 
how much may be cut in each year. These laws are enforced by 
officials well educated for the business. Forests are systematically 
inspected and reports made concerning their condition and needs. 
The inspector acts as “a paternal adviser” to all owners of forests. 
In the words of a recent American consul to Austria-Hungary : 
“ The owner of forest land in Austria must exercise extraordinary 
care not to be guilty of trespass upon his own lands.” How dif- 
ferent the feeling of owners of land in the United States! In the 
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country above referred to the array of forest officials of various 
grades maintained numbers nearly 32,000 persons. In all of these 
particulars the fact must not be lost sight of that wages are much 
lower, and interest on investments much less remunerative, than in 
the United States. 

The large number of officials who must pass rigid examination 
makes it possible and even necessary to maintain numerous schools. 
to keep up a supply of skilled men. The encouragement of profit- 
able employment induces pupils to patronize the schools, which 
give laboratory or practical work, often in the forests, as well as 
lectures in the classroom. To some extent these subjects are 
taught in other schools than those for the special object of educat- 
ing foresters. ‘These officials usually serve for life and are pen- 
sioned in old age or in case of disability. 

By dint of great energy of a few persons in this country, atten- 
tion has been called to the greed and dishonesty of men who steal 
timber from the public lands and tothe evil effects of removing 
vegetation from mountain slopes. Many instances of the same 
kind have been enumerated in Europe, where the evil effects re- 
main as a warning to newer countries. The cost of reclaiming 
some of these waste places has been great. In this reclamation 
seeds from the scattering trees cannot be relied on to furnish seed- 
lings for the new growth, but nursery-grown stock must be well set 
and afterward properly cared for. Experience has led to the for- 
mation of many rules in relation to forest management. For exam- 
ple, on sandy soil and on steep mountain slopes timber can only be 
cut in narrow strips or thinned out. Grazing among timber is never 
permitted. Stringent rules in regard to igniting fires in or near 
forests are enforced. 

Xetween 1860 and 1887 France reforested over 250,000 acres of 
mountain lands at a cost of $30,000,000, the State paying one-half. 
In 1887 the total annual appropriation for the forestry department 
of France was $5,000,000. Here the people of the United States 
may well take warning. How much more economical it would be 
to spend a little money now in preventing devastation than to suf- 
fer the consequences for a time and then possibly spend enormous 
sums in restoring the forests to the mountain slopes. 

In Germany about 25 per cent. of the entire area is devoted to 
forests. Of this amount about 32 per cent. is government land ; 15 
per cent. belongs to communities; 1.3 per cent. belongs to chari- 
table and other institutions ; 2 per cent. belongs to corporations ; 
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and 48 per cent. belongs to private parties. Without the super- 
vision of State officials ‘a reckless devastation of forests would be 
the consequence, '—just the condition we are experiencing in most 
regions of our own freecountry. In the Eiffel district the mountain 
slopes were reforested and otherwise improved at the expense of 
the government, though much of the land belonged to commun- 
ities. 

A chief director of forests in Germany in writing to a United 
States consul says: “ You are certainly quite right when you speak 
of the importance of forest culture for the United States, but allow 
me to express my belief that no earnest work in that direction will 
be accomplished there. The culture of the forests proceeds too 
slowly to suit your countrymen, and the profits are not forthcom- 
ing soon enough. In my opinion good results from forest culture 
can only be had in the United States when the government shall 
have taken the matter into its own hands.” Dr. Otto von Hagen 
says: “ The forest is a trust handed down to us from past ages, 
whose value consists not alone in the income derived from wood, 
but also in the importance which it exerts, through its influence on 
climate and rainfall, or land culture. Its importance is not merely 
a question of the present day or of the present ownership, but is 
also a matter which concerns the future welfare of the people.” 
For these and other reasons it has been determined that it is a duty 
to interfere by legislation with the waste of timber. 

Think of the time required to grow trees of certain species fit 
to cut for important purposes. In Germany the age for cutting 
oaks is 150 to 180 years; beech, roo to 120 years; Scotch fir or 
birch 30 to 1oo years, though for some purposes, of course, trees 
are cut when much younger. One of our consuls to France in 
1887 observed that “forests are much more easily destroyed than 
replaced, for in three years, from 1788 to 1791, almost as large an 
area in France was deforested as has been reforested in the last 
ninety years, although much attention has been paid to the subject 
during this time.” 

The older and more thickly-settled countries of Europe have 
all passed through the stage in which many of our States have but 
recently passed or are now passing. Their land in most instances 
was well covered with forests. They cut and fired and wasted as 
we are doing, and have long been aware of many of the evil effects 
of this practice. To what extent shall we learn and profit by their 
mistakes ? 
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Under the circumstances what can the people of the United 
States accomplish? In what ways can we best secure a reform in 
forest management? Legislation, whether State or Federal, will 
accomplish little, until there are enough stalwart persons thor- 
oughly interested to continue under adverse conditions ‘to work for 
the success of a better management of lands in forests or lands 
which ought to be covered with forests. Something may be done 
by forest commissions, but too much is likely to be expected of 
them, and to save expense somebody will advocate their abolition, 
—and somebody sooner or later will succeed. ‘The value of for- 
estry commissions consists chiefly in giving advice and in educat- 
ing the people. 

Tree-planting on a large and expensive scale is not likely soon 
to be so skilfully conducted that satisfactory profits will be appar- 
ent. But notwithstanding, trees of every kind should be planted 
in many places, and the sooner the better for us all. Probably not 
one in a thousand now knows enough about the subject to proceed 
intelligently to take the best care of his forest or to reclothe the 
land with timber in the most economical manner. Those who try 
the experiment should be able to wait. 

Over a hundred years ago some persons in Europe were fool- 
ish (?) enough to plant a few white pines from North America. In 
the language of our time they would be known as“ cranks,” and 
yet who shall dare place a sufficiently high estimate on the value of 
that simple experiment, for it has demonstrated that our white pine 
is one of the best of treesto grow for timber inthat country. We 
need men in every county of every State who will have enthusiasm 
and foresight enough to plant a few trees in places where there 
may be a prospect for growth a long time without molestation. 
Before these experiments are completed there will be many 
anxiously waiting to profit by the results. 

We live in a comparatively new country, where our fathers and 
grandfathers cut down and burned the finest of trees to make room 
for crops and pasture. We have been taught to destroy trees and 
not to save them,—much lessto replant. The arguments for pre- 
serving the virgin forests of a new country are by no means all on 
one side, and no one should expect the trees to be preserved. In 
most cases the profits of holding are too small to pay for the invest- 
ment. 

Michigan once had about 150,000,000,000 feet (board measure) 
of standing pine, which was believed to be well-nigh inexhaustible. 
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‘Fhose now living find remaining only comparatively small tracts in 
the “back counties. Even with what might be considered good 
management in a thinly inhabited country, where lumber was 
cheap, it was soon found next to impossible to preserve this tim- 
ber, however much the owners might desire to do so. In many 
seasons the fires destroyed as much pine as the woodman’s axe. 
Dead pines must be cut to save them, and the débris was almost 
sure to burn and ‘he fire to spread to the standing trees. To some 
extent the same condition of things prevails with regard to the 
“ hardwood " trees, though in most cases these are not so likely to be 
destroyed by fire. In a business way there are men now spending 
much time and money in defending their remaining pine lands from 
fire. But more system is needed, and the care should be more gen- 
eral than it ever has been. 

The study of European methods and results in forestry by 
competent men is not enough, says one writer.* It is not even the 
most important thing for us. Nothing can be very useful to us 
which is not based upon carefui study of the conditions peculiar 
to this country. We must have in time a system of American 
forestry if we are to avoid serious disasters to our national in- 
terests and civilization. The forestry of this country must be the 
product of growth, which has as yet scarcely begun. It will be 
developed by continued and widespread observation, and by con- 
stant comparison of the results of practice. It is necessary to re- 
mind ourselves that no useful system of forest management can be 
originated or created by legislative enactment. There must be 
special knowledge and national good sense regarding the needs of 
this country, behind forestry laws, or they will be useless and 
mischievous. 

It is important to understand the value of great areas of grow- 
ing trees on the surrounding cultivated land, and to know in what 
respect they check fierce winds, prevent rapid evaporation of 
moisture, or encourage late frosts in spring. But the possession of 
this knowledge .is not likely to induce men to save trees or to 
plant trees for the benefit of persons owning farms in the surround- 
ing townships or in other counties. Here is one of the best of 
reasons why the State and Nation should take an active part in the 
management of forests. 

It is difficult to induce most persons to understand fully the re- 
sults of a timber famine. They have heard more or less of this 
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talk for years, but they believe the day is yet far distant when our 
people will suffer much inconvenience from lack of timber. They 
argue that, as timber becomes scarce and more expensive, less of it 
will be used. We shall burn coal for fuel, and use more iron and 
‘steel. Transportation will be cheaper, and timber can be trans- 
ported for long distances. The use of the land to produce various 
grains, grasses, fruits, and vegetables will help to pay higher prices 
for timber. 

In the moister portions of our country, when the original forests 
were cleared away, seedlings and sprouts in immense quantities 
sprang up to contend for every foot of available space. In cut- 
ting away the valuable timber there are usually large numbers of 
“ young things” up to six inches or more in diameter, which, if pro- 
tected from fire and other destroyers, have already made a fair start 
toward renewing the forests. Too little care is usually observed in 
protecting this young growth, which is admitted to be of no value 
at the present time. Because there are no dollars in them now, 
the proprietor is likely to let them go to waste. In very few in- 
stances in moist climates would it be necessary to plant trees 
started in the nursery. 

The writer has often been asked by bright young men of no 
resources except their active brains and hands: ‘“ What is there in 
this country to encourage a young man, who must earn his living 
as he goes along, to make a specialty of forestry? I like the sub- 
ject, and if I saw a good living in the business I should run the 
risk and go ahead.”” I am free to say that, so far, work in this field 
seems to be done gratuitously. 

A few persons in our agricultural colleges have done a little in 
this direction,—mainly to call the attention of students to the mag- 
nitude and importance of a study of forestry. Before any one of 
us thought much about trees, the courses of study in these colleges 
were replete to suffocation with subjects of seeming importance. 
Elective courses are expensive. The writer has twice given a 
course of lectures daily for twelve weeks to members of the senior 
class of the University of Michigan—or to those who elected 
forestry. A course of parasitic fungi runs parallel with that on 
forestry, and only one of the two can be elected. No doubt there 
have been similar reasons in the other schools to prevent giving 
more attention to forestry. But if we are interested and make the 
-effort, we can all find some opportunities for this work. 

Lectures at farmers’ institutes now held in many States afford 
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some opportunity. But here the indifference of the hearers tempts 
us to select other subjects. Vividly does the writer call to mind 
one occasion at an institute in anew county in which he spoke of 
the importance of preventing forest fires. The first one to lead in 
the discussion was a farmer living in the neighborhood, who won 
the applause of the audience when he said of these fires: “They 
are the best friends we have in clearing up the country.” 

The more students know about trees, the more they are likely to 
be interested in this subject. The things to be learned are the dif- 
ferent species, their names, their anatomy and physiology, their rate 
of growth and geographical distribution, their special uses in the 
arts and in nature, how to raise trees from the seeds, how to plant 
and where to plant and why, and especially how to take proper 
care of them after setting. He who fully understands the structure 
and functions of roots will never be seen carting living trees with 
roots exposed to dry wind and sun for miles along the highway. 
Students may be set to investigating the effects of pasturing a wood 
lot by noting examples of those pastured and those left to them- 
selves. They may estimate the amount and value of an acre of 
good, medium, or thin forest, and note the time required to produce 
it. Theefiect may be noted of trees as a shelter along the highway, 
or near dwellings, barns, and sheds. Other questions are: Why 
are certain trees found growing in swamps and others on dry land ? 
Why are there no pines or cedars in some neighborhoods, and no 
beeches or maples in others? 

Besides the means suggested for aiding the cause, there are 
others: If the programs were judiciously prepared and well carried 
out, the celebration of Arbor Day by school children would have a 
tendency to awaken an enthusiasm among the people, but usually 
the exercises consist mainly of quotations from literary authors,— 
scraps of poetry, history, and sentiment,—rather than any substan- 
tial information pertaining to the needs of forestry. The establish- 
ment of an arboretum, even a small one on some of the farms of 
enterprising people, and more especially at each agricultural college 
and experiment station, would help to educate and interest the peo- 
ple. We cannot soon expect to see an Arnold arboretum in every 
State, but the beneficent influence of that garden has already 
reached thousands of miles. 

Associations for securing the protection of certain private nat- 
ural scenery help to educate every one who sees the reserves. 
Botanic gardens containing shrubs and trees are likely to increase 
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in numbers, each good one lending encouragement to others. So 
of herbaria, and especially of museums of plant products which 
should contain no end to interesting specimens of timber, not only 
those which were well grown, but likewise all manner of mon- 
strosities. The writer a few years ago collected and placed in posi- 
tion a unique collection of this kind, and, considering the cost, it 
was more attractive than an ordinary museum of fossiis, minerals, 
or stuffed animals. Who can tell the good results likely to occur 
to forestry from the establishment and maintenance of the Jesup 
collection in Central Park, New York? 

Several books have appeared that are worthy of notice, but 
none of them can be compared with “ The Silva of North America,” 
by Prof. C. S. Sargent, the first four volumes of which have been 
published. In several States reports have been issued by Forestry 
Commissions or forestry associations, or special bulletinson the 
subject have been published by experiment stations. The United 
States government has, through Mr. Fernow, the efficient head of 
the Forestry Division of the Department of Agriculture, for some 
years past been active in advocating measures of importance in re- 
lation to forestry. Bulletins and reports and gratuitous lectures 
and frequent conferences with congressmen have all had their effect 
in awakening an interest in this subject. There are several jour- 
nals, notably Garden and Forest, which have exerted a good influ- 
ence in behalf of tree protection, and such articles as THE ENGI- 
NEERING MaGAzinE has published lately on the great waste of timber 
still in progress are of value in properly educating the public 
mind. 

From the condition of things here outlined it will be seen that 
the growth of an interest in forestry must be slow for some time 
yet, but I anticipate very great changes in the sentiment of our 
people and the formation of salutary laws by the close of this cen- 
tury. 
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AN EARLY ENGINEERING MAGAZINE. 
By Hyland C. Kirk. 


“YT “HE industrial and technical literature of to-day is so vast and 
so closely interwoven with the lives and work of all classes 
of our people that it is not easy to imagine a time, within 

our own century, when one or two small weekly journals practically 

supplied the demand for periodical publications devoted to the 
whole field of engineering. There had to be a beginning in this 
work, however, as in all other departments of human activity, and 

it may interest some of the readers of this Magazine to devote a 

few minutes to an examination of the contents of an early publi- 

cation, which, while possessing merit, must have proved a labor of 
love rather than a source of profit to the publisher. 

The Glasgow Mechanics’ Magazine, a weekly journal prinied and 
published by W. R. M’Phun, was established in January, 1824, and 
was one of the earliest periodicals devoted strictly to engineering 
science. Zhe Philosophical Magazine, first published in London by 
A. Tilloch, in 1798, was devoted chiefly to translations of scientific 
articles from the French, while the Edinburgh journals of Brewster 
and Jamieson treated more of the progress of discovery in general 
science than of applied mechanics. Zhe American Mechanics’ 
Magazine began publication on February 5, 1825, and appeared 
for the last time on February 1, 1826. 

The London Mechanics’ Magazine was founded in the year pre- 
ceding the establishment of the Scottish journal,—in August, 
1823,—but was hardly equal to it on the score of attractiveness. 
This is conceded in a controversial article printed in the London 
magazine on July 10, 1824, in the following style: “ The Glasgow 
magazine, though not sold for the same price, is printed on a 
finer paper and in a more showy manner than ours; but then it 
does not, on an average, contain one-half the quantity of matter, 
nor one-half the number of illustrative engravings, that the London 
magazine does.” 

To this the Glasgow journal replied : ‘“ Let any one compare 
the two magazines, and he will find that ‘on an average’ there is 
as much matter in the one as in the other, and that the London 
magazine contains no illustrative engravings at all, but only wood- 
cuts, whereas the Glasgow one has, in general, a very fine illustra- 
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tive copper-plate engraving, and a number of woodcuts alternately 
in each successive number.” These engravings would be likely to 
attract any reader of to-day so fortunate as to meet with a copy of 
this truly excellent periodical. It appears to have been edited 
anonymously during the year 1824, but the management was 
changed in the second year, as indicated by the following head 
from the magazine : 


THE GLAsGow 
MECHANICS’ MAGAZINE, 


CONDUCTED BY 


A Committee of Civil Engineers and Practical Mechanics. 


“* From scenes like these old Scofia’s grandeur springs 
That makes her lov'd at home, rever’d abroad : 
Princes and lords are but the breath of kings, 
* An honest man ’s the noblest work of God.’ "—Burns. 


No. LIII. Saturday, 1st Janudry, 1825. Price 3d. 


This magazine ran through 143 weekly numbers, making five 
volumes, when it was discontinued. The only valedictory to be 
found is in the motto quoted on the title-page. This motto was 
customarily changed from week to week, and in the last number this 
quotation from Mr. Brougham suggests, doubtless, something of 
the publisher's state of mind in relinquishing his work : 

The people themselves must be the agents in accomplishing the work of their 
own instruction. Unless they deeply feel the usefulness of knowledge and resolve 
to make some sacrifices for the acquisition of it, there can never be any reasonable 
prospect of this grand object being attained. 

The five volumes were republished in 1835-36, and these re- 
prints are occasionally to be met with, but a copy of the original 
edition is a rarity indeed. The magazine is of interest now chiefly 
(1) as showing the condition of engineering science three-quarters 
of a century ago; (2) as showing the origin of modern-class in- 
struction in mechanics ; and (3) as illustrating inventions peculiar 
to the Scottish people. 

At that period great activity prevailed with regard to mechani- 
cal improvement and invention, stimulated by the successes of 
Watt, Franklin, Arkwright, Fulton, Bell, Stephenson, Davy, and 
others. New motors and new applications of motive power were 
being diligently sought for. Though steam was a favorite subject 
of experiment, no field was left unexplored. Two illustrations are 
reproduced of engines to be operated otherwise than by steam, 
which at that time seemed to possess some promise of value. 
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Harriot’s siphon engine, used for raising and lowering weights, 
combines the power of the siphon with the direct pressure of a col- 
umn of water, so that each alternately acts on the upper and lower 
part of a piston within a cylinder, reversing the siphon at each 
change. The two figures, illustrating the apparatus under slightly 
different applications of the power, will give a sufficiently clear 
idea of its construction. In each / represents the reservoir from 
which the water flows to the upper or lower part of the cylinder, 
as the operator adjusts the valves. The power of this engine is 
equal to a column of water of the same diameter as that of the 
cylinder, and equal in length to the height of the head together 
with the depth of the siphon-pipe below. ‘The principle has had 


HARRIOT’S ENGINE, 


later applications in certain forms of the hydraulic press, elevator- 
engines, and other machines. 

The pneumatic or gas-vacuum engine, the invention of Mr. 
Brown, of London, was designed for raising water, and as shown in 
the engraving, for turning a water-wheel Q, by water discharged 
from the tank O. By the combustion of gas in the cylinders C, C 
lighted alternately by external flames at Z, a vacuum is produced 
alternately in each cylinder, forcing the water through the pipes. 
P, P,and up the mains Z, Z, whence it is discharged into the tank. 
The floats /, /, which rise and fall with the surface ‘of the water 
in the chambers below, act on the walking-beam above to cover 
and uncover the cylinders. In the language of the description. 
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given, “It is therefore the extinction of the flame by closing the 
top of the cylinder which actually produces the vacuum ; while at 
the same instant the water from below rushes up with vast rapidity 
to fill its space in the cylinder; at the same time driving out the 
gas of the 
combustion by 
means of the 
small valves in 
the cover 
opening out- 
wards. The 
water is dis- 
charged from 
the cylinder 
into the 
trough by ad- 
mitting the at- 
mospheric air 
through the 
horizontal 
pipes M.” 
The editor, 
commenting 
upon this ap- 
paratus, _re- 
gards the re- 
sult as pro- 
duced partly 
by the rarifi- 
cation of the 
air, though 
three - fourths 
due to the 
combustion of 
watery vapor, 
which occurs 
— when the gas 

BROWN’S GAS-VACUUM ENGINE, is put out and 

the cylinder begins to cool. He adds: “ Properly speaking, Mr. 
Brown’s engine is a steam-engine, and not a vacuum engine, as it 
has been called.” This criticism, however true it may be, illus- 
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THE FOUR-MASTED AMERICAN SHIP COLUMBUS.” 


trates probably something of the zeal manifested at the time for 
Mr. James Watt and his great invention. 

Among devices of aneminently practical character illustrated 
in the magazine, and which for the most part are set forth with 
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sufficient clearness to show their workings without further e xplan- 
ation, are the screw-machine of Angus Mackinnon, of Glasgow, 
the printing-press of Mr. Medhurst of London, and Morton’s slip 
for repairing vessels. Each of these well illustrates the stage of 
the art to which it belonged, at the time. } 

Many references are to be found to ships and nautical affairs. 
A woodcut of the Co/uméus, the largest ship then afloat, appears in 
the magazine for November 13, 1824. This vessel was 300 feet 
long, with 50 feet breadth of beam, and 30 feet depth of hold. She 
registered 3690 tons, and carried a cargo on her first voyage from 
Quebec to Liverpool of 6300 tons of pine deals and staves. The 


THE BELL ROCK LIGHTHOUSE. 


voyage began September 12, and anchor was cast at 3 P.M. on 
November 1. A work of greater interest to the nautical world is 
that of the Bell Rock lighthouse, built during the first dozen years of 
the century by Robert Stevenson, on the famous Inchcape rock off 
the east coast of Scotland. Still one of the great lighthouses of 
the world, it is unique in the fact that revolving bells are used as 
well as a revolving light in the turret, the former being of great 
service in warning vessels during fogs. 

The great interest in the subject of steam at that period isshown 
in the fact that, while some twelve articles scattered through the 
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volumes are devoted to barometers and atmospheric pressure, six 
to bridges, twenty-seven to the art of bleaching, ten to clocks,— 
including clepsydras,—twenty-nine to electricity in its various forms, 
thirteen to the subject of light, ten to heat and thermometers, and 
eleven to weaving, no less than fifty-eight are devoted to steam and 
the steam-engine. ‘Twenty of these articles refer in some way to 
steam navigation, embracing discussions and controversial letters 
as tc who invented the steamboat, the claims of Fulton, Bell, Mil- 
ler, and others being considered. 

There is a report of the meeting held on Wednesday, November 
24, 1824, in the city of Glasgow, “to consider the best means of 
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MACHINE FOR MAKING AN ORIGINAL AND PERFECT SCREW. 
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MEDHURST'S IMPROVED PRINTING-PRESS. 


promoting a subscription for erecting a monument to the memory 
of James Watt.” Mr. Watt was a native of the neighboring city, 
Greenock, and made his great invention while working at his trade 
as an optician in Glasgow inthe winter of 1763-64. He applied for 
a patent in 1768. after thoroughly proving the efficiency of his de- 
vice, through the aid of Dr. Roebuck, by erecting an engine at a 
coal-mine at Kinneil. London, Edinburgh, Greenock, and some 
other towns had already paid their tribute of admiration to the gen- 
ius of Watt, but Glasgow, as if verifying the saw, ‘a prophet is not 
without honor save in his own country,” had remained silent. 
This tardiness was explained at the meeting by the Lord Provost, 
who presided, in the statement that “ many gentlemen entertained 
the idea of promoting the erection of one grand monument to his 
memory in Westminster abbey, in preference to anything of the kind 
here or elsewhere. This idea, however, on trial had not succeeded, 
and would therefore fall to be superseded by (he trusted) the more 
successful efforts of this day.” Nearly every speaker who fol- 
lowed, including Professor Jardine, Mr. Monteith, Kirkman Finlay, 
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Mr. Ewing, William Smith, Dr. Thomson, Mr. Houldsworth, and 
Dr. Ure, had been a personal friend of Mr. Watt, and the interest 
is in nowise lessened by their accounts of conversations with him. 
“When speaking of his great and uncommon qualities,” said 
Professor Jardine, “I cannot forget his modesty and his simplicity 
of manners. Speaking once upon his great invention, I heard him 
say ‘that, when it was analyzed, it would not appear so great as it 
seemed to be.’ ‘In the state,’ said he, ‘in which I found the steam- 
engine, it was no great effort of mind to observe that the quantity 
of fuel necessary to make it work would forever prevent its exten- 
sive utility. The next step in my progress was equally easy, to 
inquire what was the cause of the great consumption of fuel ; this 


WATT’S TRUE MONUMENT—THE STEAM-ENGINE. 


too was readily suggested, namely, the waste of fuel which was 
necessary to bring the whole cylinder, piston, and adjacent parts 
from the coldness of water to the heat of steam no fewer than 
fifteen to twenty times in a minute.’” 

Dr. Ure referred to a conversation on a kindred subject: “ ‘As 
to the latent heat of steam,’ said Mr. Watt to me, ‘it was a piece 
of knowledge essential to my inquiries, and I worked it out myself 
in the best way that I could; I used apothecaries’ phials for my 
apparatus, and by means of them I got approximations sufficient 
for my purpose at the time. With them I ascertained the two 
main facts about steam: first, that a cubic inch of water would 
form about a cubic foot of ordinary steam ; and secondly, that the 
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condensation of that quantity of steam would heat six cubic inches 
of water from the atmospheric temperature to the boiling- point. 
Hence I saw that six times the difference of temperature, or fully 
goo degrees of heat, had been employed in giving elasticity to the 
steam; which must be all abstracted before a complete vacuum 
could be produced under the piston of the steam-engine.’”’ 

Dr. Ure, in a lecture given in aid of this monument fund, on 
December 20 
foliowing, well 
illustrated the 
greatness of 
Watt’s invention 
by showing that 
the great pyra- 

mid, weighing 
> 10,666,666 tons, 
and which, ac- 
cording to 
Herodotus, em- 
ployed in build- 
ing the whole 
available popu- 
lation of Egypt 
for twenty years, 
could have been 
built by means 
of the steam- 
engines then ex- 
isting in Great 
Britain in less 
than five hours. 
“The knowledge 
of the laws of 
nature,” said he, 
‘“‘arms our feeble 
hands with her most gigantic forces. How many populous and 
flourishing cities have been created by the genius of Watt! What 
were Birmingham, Manchester, Nottingham, Leeds, Preston, Glas- 
gow, and many others, before his engine gave them vitality? And 
what would become of them were it to disappear ?” 
The following prophecy uttered toward the close of his lecture 
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“seems to have been verified reasonably soon: “ The time is not far 
distant when chariots winged with fire shall be seen flying over 
metallic pavements through all the populous districts of the em- 
pire, transporting travelers and merchandise with amazing smooth- 
ness and velocity.” 

Though Mr. Watt’s patent on the steam-engine included a 
claim for propelling carriages, he never constructed a locomotive. 
As the changes in mechanism from the engine which he did make 
to the railway 
engine were not 
radical or diff- 
cult, a number 
of locomotives 
by different in- 
ventors were 
soon forthcom- 
ing. Four of 
the articles on 
steam refer es- 
pecially to loco- 
motives. 

In the last 
volume of the 
reprint is an ac- 
count of the 
opening of the 
railway between 
Liverpool and 
Manchester in 
1829, and also 
of the unfortu- 
nate accident in 
which Mr. Hus- 
kisson, home 
secretary in the British cabinet, accompanying the Duke of Well- 
ington and Sir Robert Peel, was run over by the “ Rocket” engine. 
This accident seems to have been due largely to the inefficiency of 
the reversing gear to stop an engine moving at a comparatively slow 
pace. The “ Rocket” had been constructed by George Stephenson, 
the successful competitor in securing the prize offered on that 
occasion for the best locomotive. Mr. Stephenson, deeply grieved 
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at the accident, placed Mr. Huskisson on board the Northumbrian 
engine and, acting as engineer, conveyed him fifteen miles in. 
twenty-five minutes, a most marvelous achievement at the time. 
Mr. Huskisson died that night.at Eccles. The greatest speed on. 
the trial trip of trains was one mile in 2 minutes and 6 seconds, the 
slowest speed one mile in 4 minutes and 57 seconds. There were 
eight engines in the procession, each drawing four carriages and 
from sixty to ninety persons in each train. The first conveyance 
of freight along this railway did not occur until December, 1830, 
when the total weight, “including eighteen wagons and engine,” 
was eighty tons. 

Natural history notes, mathematical problems, chemical experi- 
ments, questions of hygiene and the personal equation, are numer- 
ous throughout the volumes. Under the last head is a table of 
voice compass as compared with the range of musical instruments, 
deemed sufficiently important to be adopted by Knight in his 
“ Mechanical Dictionary”; also the “‘faciometer,” an instrument 
by which those who wish to be particular may measure the intel- 
lect of their friends. This instrument is shown in connection with 
the profiles of Dr. Johnson, Lord Byron, Sir Isaac Newton, and 
John Kemble. 

In discussing the proposed monument to Watt, another question 
was incidentally raised as to whom the merit belonged for found- 
ing mechanics’ institutions. A writer, ““W. G.” (probably Mr. 
Gardner, secretary of the mechanics’ class), had occasion to say : 
“ Anderson’s Institution, of which I have the honor to be a mem- 
ber, has the distinguished and undisputed honor of being the parent 
of all the numerous Institutions that are now established in the 
kingdom for the instruction of mechanics ; and it ought also to be 
the first in doing homage to the memory of that departed worth 
and talent which was fostered by the very hand that laid its foun- 
dation. The very man that founded this noble Institution twenty 
years before any similar one existed was the friend and companion 
of the illustrious Watt, and, had not our venerable founder, Profes- 
sor Anderson, required his assistance in a very small matter, the 
steam-engine of Watt, and the consequent wealth and prosperity of 
our country, as well as the glory of this day, would never have had 
an existence. . . . To Professor Anderson may be traced the 
origin of all those Mechanics’ Institutions which have since arisen. 
in Britain, an honor which has hitherto been ascribed to another 
individual.” 
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This called out a rejoinder from a correspondent “ B.” (Hugh 
Barclay, Esq.), who said: ‘“ The world has hitherto imagined Watt 
to be the improver of the steam-engine, and Dr. Birkbeck the 
founder of schools for the education of mechanics. But henceforth, 
on the showing of W. G., the ‘distinguished and undisputed 
honor’ must be awarded to Professor Anderson. I hate contro- 
versy much, but I hate injustice still more, and will not see Dr. 
Birkbeck (the ‘individual’ alluded to had W. G. chosen to speak 
out) thus gratuitously stripped of his well merited honors.” 

Dr. Birkbeck was then living in London and did not answer 
letters addressed to him on this 
subject, even those from his own 
supporters. The question seems 
to have been very thoroughly AK 
settled by a writer who subscribed 4 ome) 
himself “ Aliquis.” It appears 
that Mr. Anderson, professor of 
natural philosophy in the Univer- 
sity of Glasgow for forty-one 
years prior to 1795, was accus- 
tomed to visit the workshops of 
artisans and to give them such .: 
information as was likely to be > 
beneficial in their respective — 
trades. The idea then occurred 
to him that, ifa class were opened — 
to which they could be admitted, 
it would greatly promote their ges 
knowledge in the different arts. 
Accordingly he opened a class 
upon Tuesdays and Thursdays MONUMENT TO BURNS AT AYR, 
at 8 p. M., to which the public were admitted. In a short time, 
“ within the walls of Glasgow College, was there a large class of 
operative artisans receiving instruction in a science which before 
that time was inaccessible tothe public.” So “to Professor Ander- 
son may be traced the} origin of {all those Mechanics’ Institutions 
which have since arisen in Britain.” 

Among the architectural illustrations is one showing a monu- 
ment to Burns,—a structure which was located on a “brae” near 
the “banks” of “Bonny Doon,” with “Allowa’s auld haunted 
kirk” on the opposite side of the road, a little to the right. 
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THE PAST AND FUTURE OF ENGINEERING. 
By Gordon B. Kimbrough. , 


F an observant person were asked what art is most nearly re- 

| lated in its evolution to modern civilization, he would answer 
without much hesitation by saying that it is the art of the 
engineer. Esculapius, in the practice of his art of healing, gave 
pills, or their substantial equivalent, thousands of years ago; and 
though medical men have made some discoveries since then, and 
added an indefinite number of new remedies to the materia medica, - 
their art has not radically changed. It is to be feared even that 
they have made much less progress than they are ready to claim ; 
for though they assure us that the average duration of human life 
has been prolonged, the difference has not been sufficiently great 
either to be observed in history or to invalidate a certain counter 
claim that might be advanced. It may be assumed that, if it be 
true that human life has been prolonged, the improvement is due 
more to civilized living habits and the physical evolution of the 
race than to medicinal skill. We hear a great deal of learned talk 
about daci//i, and the doctors tell us that they have discovered the 
germs of disease. The very editors of some even of the most 
pestilential newspapers enlarge upon this subject as a means of 
displaying their scientific accomplishments. But Professor Koch 
failed signally in the attempt at utilizing his discovery in the treat- 
ment of consumption; and his failure has left him open to the 
suspicion that he has not discovered the germ of disease after all, 
but only the germ of the maggot, that final product of every fatal 
disease. “We cannot say with certainty, therefore, that the art of 
healing has gathered much from human progress in the sciences of 
civilization, though in the face of all the claims presented in its 
behalf it may seem heretical to doubt. Surgery is unquestionably 
modern in its highest exploits, and quinine has proved to be a 
wonderful discovery ; but the surgeon’s control over human afflic- 
tion is exceedingly restricted, and there is good reason to suspect 
that quinine was the contribution of a less than semi-civilization. 
Indeed, so questionable have been the triumphs of the art of heal- 
ing that were due to generally advancing knowledge that it is not 
many years since the quack who announced himself an “Indian 
103 
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doctor” became a successful alchemist, able to transmute his wam- 
pum and feathers into refined gold. Even now the doctors think 
it necessary to make war on those eccentric persons who believe 
that faith is better than physic. 

But let us leave the medical men alone. They are having 
enough to do in the protection of their daci//i without assuming 
any additional responsibility, and the arts more intimately related 
to the engineering art in their structural features will serve the 
purposes of illustration just as well as the art of healing. They 
may not be quite so old as the art of the medicine man, but they 
are old enough. 

Turn, then, and look at the art of building. But the very first 
glance at architecture carries the eye almost beyond the circumfer- 
ence of modern civilization, and causes it to rest upon a renais- 
sance, a medieval, or an antique world. It is doubtful if there is. 
anything distinctly modern in the art of architectural building ex- 
cept its aberrations and its metallic ligaments. The best probably 
that any new architect will ever be able to accomplish on lines that 
are not engineering rather than architectural will be found in mod- 
ern modifications and adaptations of ancient forms. It is a ques- 
tion if architecture, strictly considered, has not been rather cor- 
rupted than refined by its contact with modern civilization. We 
shall not find in the art of building anything to take from the en- 
gineer his preéminence in the development of civilizing forces. 

Perhaps painting will serve us better. But here, again, we have 
something that is confessedly not modern in any of its essential 
features except possibly its choice of subjects, or a partial depend- 
ence upon certain mechanical processes that tend rather to the 
degradation than to the elevation of art. The modern painter, like 
the modern doctor, may insist that he has become learned ; but it 
must be said in the one case as it was said in the other that the 
fruits of his learning are not clearly manifest. The works of the 
Grecian painters have long since perished ; but we know that they 
were thought superior to the works of the Grecian sculptors even 
in form, and the works of the sculptors still remain the standard of 
excellence by which all modern works of sculpture must be tried. 
They are the models in drawing, too, for modern painters. We 
must assume, therefore, that, when the modern painter tries to 
measure his growth by a comparison between his own works and the 
works of the medieval or rather renaissance period, he is not look- 
ing far enough backward to estimate his true proportions. As to. 
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the art of sculpture itself, however skilful a few of the modern 
sculptors may have become, it is rather an antique than a modern 
art, unless it may be said that modern sculpture differs from ancient 
sculpture in its inspiration. The former is more monumental than 
the latter, and it makes its demigods out of commonplace heroes. 

In this vein we might survey almost the entire field of art, in- 
cluding its literary annex, and, except among a few of the minor 
decorative arts, find little or nothing that can be claimed as dis- 
tinctively modern and free from the necessity of borrowing from 
antique achievements. But there is one exception. In the engi- 
neering art we find an example of a constructive industry which the 
Romans and other people of antiquity practised. Yet from their 
achievements we can borrow little or nothing that is worth crediting. 
The Roman roads have remained a marvel of constructive 
energy and great resources down to the present time; but they 
represent an agency of transit and transportation that is pass- 
ing away, and which is destined at no distant day to disappear ut- 
terly from the territory of every civilized nation. So, too, are we 
bound to believe that the ancients had great mastery over me- 
chanical forces, that they were prolific in mechanical expedients at 
least. They could not otherwise have reared the vast structures 
that have been the wonder of the world. But their expedients 
would hardly serve a people who can lift great ships out of the 
water like toys. As to the dike-building engineers of antiquity 
who set the River Po on edge, their achievement was not suffi- 
ciently commendable for imitation, although the people of the 
Mississippi valley have not yet escaped from their malign influ- 
ence. 

Against this general disparagement of the engineering per- 
formances of antiquity may be set the aqueducts of Rome; but it 
cannot be admitted that these devices for supplying water to large 
cities illustrate a good principle in engineering. They are imi- 
tated in modern times only because the political octopus always 
sets itself against both progress and economy. In the first place 
they were conceived before the steam engine and the pump had 
made accessible the vast reservoirs of unadulterated and cool 
water hidden beneath the surface of the earth, and are therefore 
fundamentally wrong. In their modern adaptation they are simply 
sewers for conveying the drainage of barn-yards, and fields dotted 
with dead animals, for domestic consumption in towns, and on its 
way their supply is further contaminated by the floating carcasses 
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of dead and rotting fish, decaying vegetable matter, and every 
conceivable filth that river water contains. We want no contam- 
inated river-water in towns except for mechanical purposes ; and 
the quantity needed could be supplied without any elaborate and 
costly adaptations of the stone or brick aqueducts of Rome. For 
all domestic uses except washing and cleansing we should have 
well-water drawn through separate pipes and distributed through 
separate reservoirs. The city of Brooklyn has both sources of 
supply, and it obtains approximately 50,000,000 gallons daily of 
river- and swamp-water, properly proportioned with barn-yard and 
dead animal solutions, and 25,000,000 gallons of pure well-water. 
But owing to the Brooklyn politicians’ relish for mixed drinks 
probably, the total supply is distributed through a common reser- 
voir. The people of Brooklyn, like the people of Hamburg, are 
not permitted to take even their drinking water straight. 

But the dike builders and the aqueduct builders of modern 
times are antique survivals; and they hardly count among the 
army of engineers who are leading in the latter-day industrial 
march. The field of the modern engineer is widely diversified, 
and his preéminence over his ancient prototype is due to his ver- 
satility. 

It is easy to understand the causes for the almost complete 
enfranchisement of the modern engineer, and for his distinctively 
original characteristics. They are found in the first place, after 
the invention of the steam-engine, in the larger use of iron as a 
material in construction, and in the second place in the discovery 
of explosives. The steam-engine had almost revolutionized the 
art of the civil engineer before the beginning of the last half of 
the current century; and the destructive power of cannon balls 
and other long-range missiles has compelled the art of military 
engineering to find cover against something more formidable than 
the missiles of the catapult or cross-bow. The discovery of ex- 
plosives, too, has had its effects, and very remarkable effects, in 
the evolution of civil engineering, making possible the execution 
of works which the Romans could not even have conceived. The 
removal of the obstructions to navigation in Hell Gate, the mod- 
ern treatment for such obstacles as Scylla and Charybdis, furnishes 
a case in point. 

The envineer of to day is to be called the chief workman of the 
period. He not only builds our railways, opens our mines, and 
protects us, or pretends to protect us, from the destructive floods 


fe 
PI 
a 
he, 
: 


PAST AND FUTURE OF ENGINEERING. 107 


of our rivers, but he has taken such pervasive possession of the art 
of house building that the architect is compelled to play only in 
the réle of the decorator. What lunatic Cesar, baffled at the 
attempt at subjugating Scotland, would ever have conceived of a 
cantilever bridge to span the obstructing arms of the sea, or of 
penetrating the Highlands with steel roads equal to the transpor- 
tation of an aver:ge Roman army in a few hours to the spot where 
stands the house of the more modern but still ancient Johnie 
O’Groat? Or what daft Pericles, had he been with Hendrick 
Hudson in New York Bay, would ever have thought it possible to 
find on the swampy surface of lower Manhattan Island a suitable 
foundation for a half-dozen repetitions of the Acropolis piled the 
one upon the other? The engineer alone of all other men is doing 
work in construction that leaves antiquity so invisibly in the rear 
that it is unable to offer a single suggestion that can promote the 
success of his operations. 

Yet the work of even the modern engineer is only just begun. 
He has been erecting merely the skeleton of a figure yet to be 
clothed with flesh and covered with arteries through which will 
flow the life blood of a newly quickened being. The forces long 
known have only paved the way for the introduction of a new force 
destined to render all past achievement preliminary to the work to 
come. All that steam has done it will now be called upon to re- 


peat infinitely through a new agent until its power is made almost 


as pervasive as the air. 

Electricity may be said to have given a new birth to the art of 
engineering. Heretofore the engineer has not been considered an 
inventor in the sense that renders inventions patentable. He has 
been an inventor in his way, the inventor of structural processes 
and of mechanical expedients ; but when it comes to the construc- 
tion of machines to render his operations fruitful, he has been de- 
pendent upon the exertions of men working in a distinct field of 
construction. It may almost be said, indeed, that his devices have 
been supplementary to the work of the inventor; for though the 
railway preceded the locomotive, just as the ship preceded the 
steamship, the earliest railway was a device hardly to be dignified 
with the name engineering until the invention of the locomotive 
had called for its extension across rivers and through mountains. 
So, too, with the art of military engineering. It was the cannon 
ball and the destructive fire of musketry that developed the earth- 
work, the mine, and all that science of siege and defense that directs 


4 
q 
“a 
is 
et 
= 


108 


PAST AND FUTURE OF ENGINEERING. 


the hand of the military engineer. But the relations of engineer- 
ing to invention must be radically changed now that electricity 
has come. The new agent will compel the engineer and the in- 
ventor, like the engineer and the architect, to pool their issues in a 
single head. 

This may need a little amplification. The steam-engine, not- 
withstanding its wonderful resources, is a very unwieldy piece of 
workmanship. it has been trained to run rapidly enough along 
lines of parallel steel rails, and it can move all over the world in 
the interior of a steamship. But elsewhere it is a chained giant, 
only to be moved with difficulty, and its ability to distribute its 
forces is limited to the length of ashaf*. Its field, therefore, is 
restricted, and it is fitted only for special tasks. But the electric 
motor is fitted for the performance of any task which machinery 
can be made to perform, while, at the same time, the appliances 
for the distribution of electrical power are at once so simple and 
so complex that there is more occasion for the inventor than for the 
engineer—as engineering duties have been heretofore conceived— 
to preside at the installation of the plant. In this fact we find a 
suggestion of what the engineer of the future must become if he 
would master his art and be in the highest degree successful. He 
must not only distribute the power, but he must enable it to work 
through an incalculable number of implements of his own device. 

The performance of agricultural labor, soon doubtless to be 
attempted by electricity unless the farmers are the slowest men on 
earth, offers a chance for illustration. There will be no difficulty 
in conveying the electrical current to the farms. It will run along 
the highways, and transport both the farmer and his produce in 
its passage as soon as he will provide the way ; but when it has 
been delivered at the farm, it will enter a field which is yet to be 
cultivated. After it leaves the highways, where it can be made to 
operate through adaptations of machinery already devised, it must 
be trained to work at the plow, at the harrow, and at every imple- 
ment used by the farmer that can be operated by any other agency 
than the hand. But the machinery for farm labor is yet to be pre- 
pared ; and it will be a poor triumph for the engineer to be able 
to say that he has provided the expedients for distributing the 
power, and left to other men the task of making it in the highest 
degree useful. 

Hereafter the invention of machinery must be a part and a 
chief part of the training of the engineer. Men speak of the elec- 
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trical engineer, of the mining engineer, and of the mechanical en- 
gineer as well as of the civil and the military engineer. But we 
could speak with just as much propriety of the architectural engi- 
neer, or the marine engineer, meaning by the latter designation not 
the men who drive marine engines but the men who build ships. 
Strictly speaking, there are but two kinds of engineers in the world, 
the civil engineer and the military engineer ; and it is curiously 
suggestive of a lack of intelligence on engineering subjects when 
we see the latter placed in charge of the duties of the former by 
official authority without as much preliminary experience as would 
be necessary to make a good house carpenter. In the distant 
future, when all the swords have been beaten into plowshares, 
there will be but one kind of engineer extant. He will be the 
mechanical or industrial engineer, and, known simply as the engi- 
neer without any specializing prefix, he will be the most ubiquitous 
being on earth. 

For the present, the most promising agent for the industrial 
engineer is electricity. We know not what new forces the future 
may bring forth ; and while so much remains to be done in utiliz- 
ing the resources of electricity, we have little reason to care. It may 
be that men will one day visit the planet Mars, if they care to waste 
time on a 40,000,000 mile excursion through space. But the living 
generation can find abundant entertainment nearer home. Our 
explorations for the present may very well be limited to the rural 
districts of our own earth, and the engineer should not be satisfied 
until he has carried electricity to every rural household. 
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N an article in the /xdependent Professor 
F. B. Crocker, of Columbia College, 
says that the young man who takes up the 
study of electrical engineering with the 
intention of working hard, and who takes 
a real interest in his work, is almost sure 
of ultimate success, but that one who en- 
ters it simply because he has no taste for 
other work, or because he thinks it is go- 
ing to be an easy way to make a living, is 
likely to meet with disappointment. The 
failures in electrical engineering have 
been sufficiently numerous, but they have 
usually been cases of men who have had 
an imperfect preparation, have not been 
sufficiently determined to succeed, or who 
have been lacking in industry. Professor 
Crocker insists strongly upon the impor- 
tance and necessity of a thorough prepara- 
tion in a scientific school. It is,as he says, 
practically impossible, now that the art has 
become so thoroughly specialized, for a 
young man to acquire anything approxi- 
mating a thorough knowledge of this most 
difficult subject while engaged 1n ordinary 
industrial employment. He emphasizes 
the fact that almost every man who has 
achieved success in the electrical field has 
been one of the quick-witted sort, such as 
are held by our Connecticut friends to be 
the possessors of that indescribable quali- 
fication known as “gumption.” Moreover, 
there is required above all things, in deal- 
ing with electrical forces, a man who is 
careful, exact, and conscientious, in small 
things as well as great. 


A DIRECTORY of the electrical industries 
recently issued exhibits in a most striking 
manner the rapid growth and extended 
development of this department of modern 
progress. It appears that more than 1850 
of the cities and towns of the United States 
are now supplied with central-station elec- 
tric plants, while the isolated plants num- 
ber several thousands more, these being 


apparently in special favor in the textile 
industries ; the street-railways using elec- 
tric power now number more than 500; 
more than 50 different establishments, 
some of them very large ones, are engaged 
in the manufacture of dynamos ; while the 
production of insulated wire and other 
miscellaneous supplies is enormous. It 
seems almost incredible that such an in- 
dustry could practically have grown up as 
it has within the past fifteen years. 


THE esthetic and decorative possibilities 
of the incandescent lamp are only just be- 
ginning to be appreciated. One of the 
most successful efforts in this direction, in 
a small way, is the lighting of the Long 
Island Sound steamer Purdtan, in which 
the wreathing of the pillars with a spirally 
disposed and graceful trailing vine of ham- 
mered metal, of which the lamps form the 
blossoms, produces a peculiarly unique 
and pleasing effect. The most successful 
achievement thus far in this direction, 
however, is generally considered to be the 
interior of the church of St. Francis Xavier 
in New York city, in which the intricate 
renaissance decoration forms a most har- 
monious and admirable groundwork for 
the handiwork of the electrical artist, and 
one of which he has availed himself with 
the most picturesque and pleasing results 


Sr. Louis boasts of one of the largest 
electric central stations in the world. It 
has 19 boilers, more than 5000 horse-power 
of engines and dynamos, and consumes 
nearly 100 tons of coal per day. The 
dynamos are located on the third floor o! 
the main, building, where no less than 75 
of these machines may be seen at work in 
a single room. The switchboard is 60 feet 
long. The areaof the district served from 
this station is 50 square miles, within 
which are 2100 municipal street lamps, 
supplied through 532 miles of wire. There 
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are, besides these, 1500 commercial lamps, 
with 240 miles of wire, making an aggre- 
gate of 3600 arc lamps. From the same 
station an area of 30 square miles is sup- 
plied by the alternating system with 20,000 
incandescent lamps of 16 candle-power 
each, some of which are over 12 miles dis- 
tant. Finally there are 20 miles of wire in 
the power circuits, to which thus far about 
250 horse-power of small motors have been 
attached, working at a potential of 500 
volts. All the wires are overhead. 


IN a recent lecture Dr. Silvanus Thomp- 
son stated that none of the gas-meters now 
jn use are capable of indicating one-tenth 
part as correctly as the electric meters 
now generally employed in connection 
with central lighting stations. American 
electric meters are acknowledged to be the 
most satisfactory of any, and are used in 
vast numbers in the European systems. 


PROFESSOR E. P. ROBERTS, writing in 


the Electrical World on the designing of ° 


central stations for electrical distribution, 
says that there are few towns of gny im- 
portance in which it is not now possible to 
install an electric plant which will pay a 
handsome return on the necessary invest- 
ment, provided the plant is well planned 
and constructed, and efficiently operated. 
This has been rendered possible in part by 
the increased commercial efficiency of the 
apparatus now constructed by the leading 
manufacturers, and in part by the.great 
decrease in price of apparatus within the 
past two or three years. Professor Rob- 
erts very justly criticises that species of 
economy which would not hesitate to pay 
an architect $5000 to design a $100,000 
office building, even after the dimensions 
and general plan of the work have been 
determined upon, but which would be- 
grudge an equivalent compensation to a 
competent electrical engineer to give ad- 
vice respecting the location, dimensions, 
and arrangement of an electric plant cost- 
ing an equal or even a much greater 
amount, which requires even a rarer qual- 
ity of skill than much that is found in the 
profession of architecture. We entirely 
agree withhim in his conviction that acom- 
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petent man, taking plenty of time to look 
over the ground and consider the various 
conditions, could design a station costing 
Io per cent. less to operate than if the 
same person had been compelled to do the 
work hurriedly, or if it had been done by 
an incompetent man. Is it not therefore, 
he inquires, the part of wisdom to pay Io 
per cent. of the cost of a station to have it 
properly designed, if a saving of 10 per 
cent. per annum in the expenses of opera- 
tion may be thereby realized? It is noto- 
riously true in every business of a technical 
character that good advice pays by far the 
largest percentage of any portion of the 
investment. 


AN electrical encyclopedia has been pro- 
jected by Mr. Park Benjamin, the publica- 
tion of which will be undertaken by a 
prominent firm, provided sufficient en- 
couragement is received from electrical 
engineers and others who would naturally 
be interested. Mr. Benjamin is undoubt- 
edly well qualified to carry out the under- 
taking satisfactorily, and it is certain that 
a really good work of this kind is much 
needed. 


THE Post-Office Department in Great 
Britain operates between 30 and 40 tele- 
phone-exchanges. The aggregate number 
of subscriber’s telephones connected with 
the Post-Office exchanges throughout the 
kingdom is only 5382. Metallic return 
wires have been used in all cases, since the 
first introduction of the system. The Na- 
tional Telephone Company, a private cor- 
poration, has nearly 50,000 subscribers, and 
pays the government £45,000 per year in 
royalties. 


A VERY useful application of the electric 
light to railway cars has recently been 
tested in Boston, with satisfactory results. 
A 16-candle incandescent lamp and re- 
flector are located just under the sill of 
each passenger car close to the steps. 
When the train arrives at a station after 
dark, the brakeman turns on the light, and 
the passengers have a clear view of the 
steps and the platform in the vicinity. The 
cost of this improvement is trifling. 
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THE Boston 7yanscrift says that the cry 
of “incendiary ” has been provoked by the 
mysterious fires which have occurred in 
that city during the past few months, and 
expresses a suspicion that the name of this 
incendiary is “ Electric Wire.” We re- 
ferred in these notes not long since to the 
action of certain ignorant and superstitious 
inhabitants of a remote southern State, fifty 
years ago, who destroyed hundreds of miles 
of telegraph lines because of a similar ‘‘sus- 
picion” that this structure had been the 
cause of a succession of “ mysterious” 
droughts which had destroyed their crops 
season after season, but we had heretofore 
given the Bostonians the credit of having 
risen somewhat above the intellectual level 
revealed by the 7ranscrzpt’s remark. Our 
own personal observations have been suffi- 
cient to convince us that the succession of 
disastrous conflagrations which have vis- 
ited Boston during the past few years have 
been directly attributable, first to a vicious 
and utterly unsafe system of building, and 
second to inexcusable negligence in guard- 
ing, by efficient inspection, against unnec- 
essary risks. Only a few weeks ago we 


noticed ina large seven-story building in 
the heart of the wholesale district a cen- 
tral elevator-shaft sheathed with pine, with 
windows opening into every story; the 
bottom of the shaft was utilized by the 
engineer of the building as a place of 
storage for oil, and plenty of inflammable 


rubbish was lying all about. A match or 
a spark dropped into this mess would set 
the whole building in a blaze in an instant. 
In our opinion a city where such practices 
are permitted need not charge its disasters 
to mysterious providences or to electric 
wires. The 7vanscript’s reasoning appears 
to be something like this: ‘“ Electricity 
is something the exact nature of which is 
‘unknown; the origin of the mysterious 
fires in Boston is something the exact 
nature of which is unknown; hence as 
things which are equal to the same thing 
are equal to each other, the origin of the 
fires is necessarily electricity.” 


It has long been known that lead suffers 
from corrosion when buried in certain 
kinds of earth. It has been discovered 
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that the water supplied tothe city of Glas- 
gow, which contains free carbonic acid, 
and which has been found to attack lead, 
can be neutralized by chalk, so as to correct 
the evil. It has therefore been suggested 
that subterranean electric cables en- 
cased in lead tubes might with advantage 
be embedded in chalk. In this country a 
small mixture of tin has been found to 
answer an excellent purpose as a protec- 
tion against corrosion. 


A WRITER in /adustries (London) makes 
some very pertinent observations in refer- 
ence to the flood of books on electrical 
subjects which has been pouring from the 
press during the past few years. He says 
they come in for review in shoals, and, 
when he has collected a clothes-basket full, 
he is compelled to spend a miserable 
quarter of an hour in reviewing them. 
They all seem to be alike, not only in their 
letter-press, but in having the same weari- 
some illustrations of obsolete machines ; 
the only difference is in the errors intro- 
duced. The really good book, written by 
a competent author, is a rarity. The most 
common variety is the scrap-book, made 
up of clippings from the technical press. 
Even this might be very useful if the com- 
piler knew anything about his business 
and could give a collection of articles 
written by different specialists on some 
particular branch of the subject. But asa 
matter of fact, if he has fifty papers on the 
subject—say of dynamos—of which forty- 
nine are nonsense, he leaves out the good 
one because it looks too simple and con- 
tains no mathematical formule, and in- 
serts the other forty-nine. He then strings 
the whole forty-nine theories into one 
chapter, if he is a Frenchman, and intoone 
sentence if he isa German, in perfect un- 
consciousness that each one is absolutely 
contradictory of all the others. Then 
there is the “Electric-Light-Popularly- 
Explained” family of books. These are 
easy to write, being simply a rehash, 
warmed over, of similar preceding books, 
and may be illustrated with any old wood- 
cuts available, or with electrotypes from 
dealer’s catalogues. Then there is the 
electrical pocket-book, containing a vast 
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variety of useless misinformation which 
nobody could ever possibly want, and so 
on ad infinitum. The interesting fact re- 
mains that after all a very short list will 
cover all the really useful books relating to 
the science of electricity and its industrial 
application. 


AT the recent Electric Light Conven- 
tion, in St. Louis, Mr. L. B. Stillwell re- 
marked that the central-station manager, 
who is buying energy in the form of coal 
and selling it in the form of light, and 
wasting it at every step of the process, is 
losing far more before the energy passes 
through the dynamo than afterwards. He 
estimates that, out of each 1000 horse- 
power bought in the form of coal, it is 
at present possible to sell not more than 
about 2.8 horse-power in the form of light. 
Some 930 horse-power is lost before reach- 
ing the dynamo, and the rest afterwards. 
It seems clear, therefore, that the problem 
of cheap electricity is in its final analysis a 
problem of thermodynamics. 


THE everlasting question as to why the 
American electric-light managers will not 


use storage batteries came in for a share - 


of the discussion at the Electric Light 
Convention. Professor George Forbes, of 
London, pointed out that the loss in using 
storage-batteries arose in part from the 
cost of installation, which is far in excess 
of the dynamos and machinery which they 
replace, the loss of energy in transforma- 
tion within the batteries, amounting to 20 
per cent. of all the coal used, and finally the 
heavy depreciation account, which is gen- 
erally admitted to be not less than 12 per 
cent. perannum. It is pretty safe to say 
that, if the shrewd and sagacious men who 
are managing some of our largest central 
stations were able to see any economy in 
the use of storage-batteries, there would 
have been plenty of them in use here be- 
fore this time. 


IN a paper read at the Electric Light 
Convention Mr. L. B. Stillwell remarked 
that no perfectly general solution of the 
economics of central station operation can 
be worked out. Of 10,000 plants the fittest 
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will survive and pay dividends, and central- 
station engineering will then consist of 
close study and careful analysis of the con- 
ditions and methods which have brought 
about the survival of these fittest installa- 
tions. 


Mr. CALVERT TOWNLEY, in summing 
up an exhaustive discussion on the econ- 
omics of the incandescent lamp, arrives at 
the conclusion that the profit falls off very 
rapidly for laraps either of too high or too 
low efficiency ; in the first case, by the ex- 
cessive cost of frequent renewals, and in 
the last by the excessive consumption of 
energy. This variation is more marked 
where current is dear and running expenses 
high. It is easily demonstrable that the 
long-lived inefficient lamp is a very ex- 
pensive article to the consumer, and that 
too much weight has heretofore been given 
to the cost of lamp renewals, while not 
enough attention has been paid tothe cost 
of energy. The fact is sometimes over- 
looked that there is nothing bought or 
sold in this world which does not repre- 
sent energy, and that wasting energy is as 
bad as, nay, far worse than, merely wasting 
money. Money is a mere counter: energy 
is the thing that money stands for. The 
conclusions reached by Mr. Townley are 
gratifying in one respect at least, and that 
is that the possibility of increased profits 
in supplying light by electricity carries with 
it the implied possibility of reduced prices 
to the consumer, and correlatively, of a 
greatly extended use in comparison with 
other illuminants. 


ONE of the subway commissioners of 
New York city is authority for the state- 
ment, made to amember of a Boston com- 
mittee which has been seeking for light on 
the subject of placing electric wires under 
ground, that the arbitrary provisions of the 
New York law have worked great hard- 
ship to the electric companies. At least 
half the companies which were doing busi- 
ness at the time the subway commission 
was created are said to have been driven into 
bankruptcy. The commissioner said fur- 
thermore that the experience in New York 
had been that a great many consumers were 
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unable to pay the increased cost of service 
rendered necessary by the increased cost 
of subway construction, and that this dis- 
continuance of service had proved fatal to 
many of the smallercompanies. He men- 
tioned one subway, several miles in length, 
which cost $500,000 to construct, in which, 
up to the present time, only three ducts 
had been rented, 


A BILL is before the legislature of Mass- 
achusetts providing that the question of 
permitting electric railways to cross steam- 
railways at grade shall be placed under the 
jurisdiction of the State railroad commis- 
sioners. The proposed legislation is fa- 
vored by the managers of the more impor- 
tant steam-railways of the State. The evil 
of grade crossings of this character is rap- 
idly becoming a very serious one, and 
ought to be taken in hand by the authori- 
ties without loss of time. The manager of 
the Boston and Maine railroad says that 
there are already more than forty such 
crossings on his lines. 


THE city of Boston paid last year for 
electric-lighting $216,445 against $193.702 
for gas-lighting. The number of electric 
lights maintained by the city is 1547. 


THE town of Peabody, Mass., is trying 
the experiment of municipal electric-light- 
ing. The plant has now been in operation 
for some months, and the results of the 
first four months’ operations have been 


made public. The total cost of plant to 
date is given as $48,176.92. There are 149 
1200 candle-power arc lamps, connected 
with 40 miles of wire, lighting 23 miles of 
streets, and supplied by 4 dynamos having 
a capacity of 48 lamps each. The figures 
of cost of operation appear to have been 
honestly made, which is more than can be 
said of any other municipal plant within 
our knowledge. The operating expenses 
include interest on $50,000 at 4 per cent. ; 
depreciation on $30,000 at 5 per cent. ; taxes 
on $35,000 at $15, insurance $195, etc. The 
lamp-hours per year are computed at 3128, 
and the average cost for four months ending 
February 1, 1893, is given as 2.19 cents per 
hour, or $68.72 per annum. 
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By an oversight which we regret, a para- 
graph appeared in these notes last month 
to the effect that the managers of the 
World’s Fair had resolved to close the ex- 
hibition evenings. In November last it was 
authoritatively announced by the presi- 
dent of the executive department of the 
Exposition that it was not intended toclose 
the Fair on all evenings, but merely to re- 
serve the right to close on particular even- 
ings, should circumstances render it advis- 
able. 


PHILADELPHIA has about 500 miles of 
street surface railway,—more than any 
other city in the world. The change from 
animal to electric power now going on will 
probably make a difference of some mil- 
lions of dollars per year in the profits of 
the company which has succeeded in ob- 
taining the franchise. It looks at the pres- 
ent time as if the whole system would be 
equipped and running before the horse- 
cars have disappeared from any of the 
streets of New York except Broadway and 
Third avenue. 


THERE is an important street-railway 
junction in Boston, where there is a won- 
derful maze of trolley wires overhead, from 
which circumstance the locality has re- 
ceived among the employés the pictur- 
esque designation of “the rattlesnake.” 
One day last month something gave way 
in the internal economy of the reptile. Ji 
was shortly after noon, and the whok 
transportation system of the West En’! 
Company was utterly paralyzed for two «: 
three hours, It is stated that a large num- 
ber of generators at the central powe: 
house were burned out. This, we believe 
is the first time that such an accident has 
happened, and, as might have been ex- 
pected, it created considerable consterna- 
tion for a time. 


THE General Electric Company have 
secured the temporary use of the Crescent 
Beach loop of the Boston & Maine Rail- 
road near Lynn, Mass., for carrying out a 
series of experiments in reference to the 
application of electricity to ordinary rail- 
way train service. 
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ECHANICAL resources have been 
very greatly extended during the 
past twenty-five years by the widening of 
the range of artificial temperatures attain- 
able and maintainable. This range has 
been stretched out from both the positive 
and negative limits formerly reached. On 
the negative side temperatures of —210 C., 
equal to —334° F., are now reached and 
maintained for a considerable period by 
scientists in their experiments; and the 
examination of materials which at tempera- 
tures formerly practicable remained either 
gaseous or liquid, and which are either 
liquified or frozen at these low tempera- 
tures, seems likely to throw much new light 
upon the physical and chemical properties 
of materials in general. 

Hydrogen, tor instance, has long been 
suspected of possessing the character of a 
metal. Certainly there are certain metal- 
lurgic phenomena in which this gas plays 
a part that seem explicable only on this 
hypothesis. If, at the lower temperatures 
likely yet to be reached, this substance can 
ever be frozen, the question of its metallic 
character can probably be fully decided. 

But it is the extension of the limit of 
artificial temperature on the positive side 
of the scale that has, as yet, increased 
mechanical resources, rather than the pro- 
duction of low temperatures. The tem- 
peratures of from 2500 to 3000° C.—the 
latter being equal to 5432° F.—are now as 
readily produced in electric furnaces as 
was half that temperature by means avail- 
able twenty-five years ago. At the latter 
temperature most refractory substances, 
as for example lime, melt and run down 
like water. It is not beyond possible 
developments that nearly every substance 
known to man will, ere long, be brought 
into the class of practically fusible sub- 
Stances; that is to say, not merely reduci- 
ble to a pasty plastic consistence like 
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melted glass in glass-furna¢es, but brought 
toa fluidity that will permit their being 
poured into molds, provided that any 
substance capable of standing up against 
heat of such intensity can be found for the 
molds. 


AT a very interesting meeting of the 
New York Railroad Club held on Febru- 
ary 16 at the rooms of the American So- 
ciety of Mechanical Engineers, some things 
pertaining to automatic car-couplers now 
generally used on American railways were 
brought out in a topical discussion, in 
which many members of the club took 
part. It appears from this discussion that 
without aspecial appliance called the dead- 
block draw-heads are very liable to break- 
age. On the other hand, it has been as- 
serted that the use of dead-blocks defeats 
the primary and most important purpose 
of automatic couplers, which was and is 
the protection of trainmen. The dead- 
blocks, receiving the shock when cars run 
together, protect the cars and reduce very 
much the breakage of draw-heads; but 
there appears to be a wide divergence of 
opinion as to whether they do or do not 
endanger the men. It came out in the 
remarks of Mr. C. A. Smith, who proposed 
the topic for discussion (‘Should Dead- 
blocks be Applied to Freight-cars with 
Master Car-Builder’s Couplers?”), that 
dead-blocks are in evil repute among many 
western railroad men, who have dubbed 
them “ man-killers”’ ; and even some of 
those who in the discussion advocated the 
use of dead-blocks admitted that they are 
dangerous if men are not careful. As Mr. 
Smith remarked, “ men will not always be 
careful.” Others regarded the dead- 
blocks as an element of safety not only to 
the cars, but to the men also. Mr. Rogers, 
who claimed to speak from extensive ex- 
perience, said that, if he could have his. 
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way, he “would want good solid dead-woods 
on all cars, whether it was the vertical- 
plane coupler or the old link-and-pin.” 
President Blackall pointed out that “a 
great many men have been killed by the 
draw-head being knocked in and the man 
being caught between the cars.” The dis- 
cussion, on the whole, seemed to favor the 
use of dead-blocks both as a protection to 
trainmen and to cars. Mr. Medenhall 
raised a point not brought up by any other 
speaker present. He said: “The great 
strain that a freight car has to stand is the 
buffing strain. If there are no dead-blocks 
totake that strain, it must be taken by the 
automatic coupler, which is hung below 
your sills, and, as a consequence, you find 
that when the strain is severe it will break 
your stringers at the body bolster and 
every one of them will go. If dead-blocks 
are properly applied, you get your strain 
through your stringers and in many cases 
the body of your car will be saved, where- 
as, if the automatic coupler took the shock, 
the stringers would all be broken.” 


FROM a quarter that commands respect 
comes the following communication. Our 
correspondent prefers to conceal his real 
name by signing himself “ Willett.” His 
complaint will be echoed by many who 
have had similar experience: 


Mechanical Editor ENGINEERING MAGAZINE: 


Manufacturers of machinery would save them- 
selves and the men placing their machines much 
delay and trouble, if they would get out a spe- 
cial drawing for each machine showing every- 
thing necessary for placing and connecting it 
up. Take for instance a steam engine. A 
drawing is at hand, sent by the engine builder 
to the engineer in charge of erecting an electric 
light plant. The size of the steam pipe is given, 
but the figures for the location of the nozzle are 
not. The same is true for the exhaust pipe. 
The foundation bolts are located in a sort of a 
way, but neither their size nor the thickness of 
the bed-plate lugs are given. Information is 
absolutely wanting about the fly-wheel and the 
number of revolutions. The drawing is not 
even to scale; just a few figures are scrawled 
upon the blue print with acid. 

From that miserable sheet the engine maker 
expects the engineer to design everything, plac- 
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ing on foundation, piping up, and connecting to 
dynamos, so that the engine will run economi- 
cally and evenly, and cast great credit on its 
builder; and so that it will lead to the sale of 
several more of the same style of engines for a 
similar class of work. 

Of course, the engineer can and does get at 
all of these things, by an endless amount of tele- 
graphing and writing ; but how foolish this is, 
when a single blue print from a tracing, requir- 
ing not more than one or two hours’ time of a 
cheap draughtsman, would tell the whole story. 

This trouble is especially noticeable when a 
large plant is being erected, and when boiler 
makers, engine builders, pump makers, and all 
the rest of the manufacturers are equally negli- 
gent. WILLETT. 
Chicago, February 21, 1893. 


GoLp- and silver-mining on the Pacific 
slope have been carried on about fifty 
years; and the output of the mines during 
that period has been without precedent in 
modern history. But railroads, bridges, 
etc., though gold may pay for building, 
cannot be built of gold at a cost that will 
pay a reasonable profit on the investment. 
The time may even arrive in California 
when iron roads may cost more gold than 
is consistent with such prospective earn- 
ings and profits as may reasonably be 
hoped for. The possibility creates a de- 
sire for cheaper iron. The Mening and 
Scientific Press, in a recent issue, an- 
nounced that the want of cheaper iron on 
the Pacific coast has become urgent, so 
much so that capitalists are endeavoring 
to find in deposits of iron ore and coal in 
California the possibility of establishing 
an iron industry near enough tothe Pacific 
to save the freights on iron from eastern 
sources, it being the cost of transportation 
that renders iron dear in the markets of 
the Pacific coast. While eager to encour- 
age this attempt, the paper quoted, in its 
discussion of the subject, does not appear 
over sanguine that it will succeed; nor 
does it make a showing of existing condi- 
tions that appears very tempting to eastern 
enterprise. There is plenty of good iron 
ore on the Pacific slope, and it is asserted 
that coal suitable for working the ore exists 
there also; but as the means for econom- 
ically bringing the ore and coal together 
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do not exist, and to all appearance are not 
likely soon to exist, the ore might as well 
be in Maine as in California as regards its 
present availability. However, it appears 
that eastern capital is on the alert for any 
possible opening in iron manufacturing 
that may arise. The journal named says 
that “the Jones Creek iron mine, half a 
mile from Humboldt Bay, Humboldt 
County, has been leased to eastern parties, 
who intend to open and prospect the de- 
posit. Should developments justify, a fur- 
nace will be put up.” 

There is, therefore, a big “if” in this 
operation. The proximity to Humboldt 
Bay is an element favorable to success, as, 
if a furnace should be there erected, fuel 
could be brought by sea to the works, and 
the shipment of the product could also be 
by sea. However, this is yet “all in the 
air,” and it does not yet appear how the 
land of gold is going to get much cheaper 
iron than it is now getting, unless some 
way to cheapen transportation, not yet in 
sight, should solve the problem. It is 
probable that the crops grown on the fer- 
tile lands that skirt Humboldt Bay will 
long be a much greater source of wealthto 
California than any iron industry that can 
be developed in that beautiful region. 


COMPRESSED air, as a means of trans- 
mitting power from prime motors, has 
been brought into prominent notice re- 
cently by its adoption in the shops of the 
Wuerpel Switch and Signal Company, at 
St. Louis, Mo. Illustrated descriptions of 
this plant, showing the arrangement of 
the prime motor, and the smaller com- 
pressed air engines with reference to the 
machines driven by the latter, have been 
printed in Zhe /ron Age and other tech- 
nical publications. The plant, as designed 
for the special work of this shop, is a de- 
cided innovation in shop equipment. The 
prime motor is a Norwalk air compressor 
of the compound type, and of 35 horse- 
power. This compressor forces air into a 
storage reservoir, from which the com- 
pressed air passes to the machine shop and 
pattern shop through underground pipes, 
and is there taken through overhead 
branch-pipes to descending pipes supply- 
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parts of the works for driving different 
tools. There appears from the description 
to be seven of these engines for large tools 
and one 6x14 engine for small tools. This 
kind of power distribution does away with 
line shafting as effectually as electric trans- 
mission. About the economy of the sys- 
tem as yet nothing can’be said that is 
based upon experimental data; and until 
these are forthcoming many will entertain 
doubts that it can compete with electric 
transmission in this respect, although all 
will at once concede the advantages of 
cleanliness and convenience. The exhaust 
of so many air-engines will, without doubt, 
assist much in cooling and ventilation in 
sultry summer weather. In winter, unless 
provision be made for conveying the air 
cooled by expansion to the exterior of the 
shops, these exhausts may add to the ex- 
pense of warming. It is believed that this 
is the first instance on record where an 
entire manufacturing plant has been or- 
ganized to distribute the power of a prime 
motor by compressed air, and to apply it 
where and when wanted, by the use of 
compressed air engines. 


THE idea that small differences in thick- 
ness of metal make notable differences in 
the transmission of heat through it when 
large differences of temperature exist be- 
tween hot liquids or gases on one side and 
the cooler gases or liquids on the other 
side is not sustained by the laws of trans- 
mission of heat by conduction. Such ef- 
fects are notable only when small differ- 
ences of temperature exist between the 
substance that imparts heat to the thin 
conductor and the body that receives heat 
from the other side. In the case of loco- 
motives worked under high pressure, it is 
possible that the temperature of the gases 
of combustion may approach so nearly the 
temperature of the water in the boiler be- 
fore reaching the smoke-stack as to make 
the greater thinness of the ends of the 
tubes remote from the fire-box somewhat 
more effective. Unless, however, any in- 
creased efficiency in heat transmission be 
experimentally shown in the use of these 
tubes over that found to exist in tubes of 
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the same thickness throughout and having 
also the same mean thickness, it may rea- 
sonably be doubted that the alleged supe- 
rior efficiency exists, except in the case 
that some other assignable cause for in- 
creased efficiency appears plausible. 


THE enormous mechanical energy in 
waves rolling in over a shelving beach has 
never yet attracted the attention it merits 
as a possible source of mechanical power. 
Now that electrical transmission of power 
has been carried to such a degree of prac- 
ticability that a distance of from ten to 
twenty miles from the source of power is 
no bar to the utilization of water power at 
points within these or even greater limits, 
it appears that the same amount of science 
and skill that has been applied to the solu- 
tion of the problem of mechanical flight 
should be able to give to the world the 
wave mill. A moment's reflection will con- 
vince any mechanical mind that wave- 
power enough, and a great deal more than 
enough, daily goes to waste on Rockaway 
beach, to supply New York, Brooklyn, and 
Jersey City, with the heat, light, and me- 
chanical propulsion required by these cities 
for all purposes. A nearer but lesser source 
of wave-power exists at the Coney Island 
beaches. 


ASSUMING that the problem of trans- 
mission of power is solved, as it is practi- 
cally, though we may reasonably look for a 
large progress in this branch of electric 
engineering, the first step towards the so- 
lution of the problem of the construction 
of a practicable wave-mill is to find means 
for converting motion of very variable 
amplitude into uniform motion in prime 
motors. 

The second step will be to provide means 
whereby an exceedingly variable supply of 
power may be stored for use, so that a uni- 
form supply may be distributed to points 
where it is needed for useful work. In the 
carrying out of any such project very large 
wastes at the point of supply will be of 
little moment, since we should be drawing 
from a source that is at present all waste. 
When it is further considered that the 
origin of waves in bodies of water may be 
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traced directly through their immediate 
cause, the winds, to solar heat which causes 
the winds, it is also made evident that we 
should be drawing power from a primary 
source that may be considered as infinite 
and inexhaustible when compared with the 
needs of mankind. Economy in storing, 


-transmitting, and applying the power, 


rather than the hoarding of such a per- 
manent and generous supply, will demand 
attention. 

Professor Thurston has given us, in a 
late number of THE ENGINEERING MAGa- 
ZINE, a graphic picture of the part played 
by wind-power in the history of advanc- 
ing civilization. The introduction of 
wave-mills, if successfully accomplished, 
would more profoundly influence the pro- 
gress of our race than any other human 
invention has ever done, with the single 
exception of the steam-engine. 


A FIRE-BOX seam-protector devised by 
Mr. W. J. Davis, general foreman of the 
Foxbury shops on the Pittsburgh and 
Western railway, commends itself to sound 
mechanical judgment as a useful innova- 
tion. The object of the device is to keep 
rivets cool by the passage of air over them 
from below. It is extremely simple both 
in construction and application, being 
merely a bar of 3’x1%” iron bent to corre- 
spond with the contour of the interior of 
the firebox, at the place where it is desired 
to protect a row of rivets, and held in place 
by a single 3{” stud inserted at a point 
about two inches below the top of the pro- 
tector. The device is stated to have been 
first tried on an old locomotive, and, hav- 
ing proved entirely successful in stopping 
leaks, it has since been applied to other 
old fire-boxes. The protector is made to 
cover only the leaky part of the seam. It 
burns out in about two months, The heat 
force exerted upon it would, inits absence, 
be expended upon the seam. Leaky 
seams, thus protected, are said to have run 
six weeks without any leakage. Why 
would this not be good practice for new 
locomotives also? The Razlroad Gazette, 
in its issue of February 3, gave a diagram 
illustrating this simple, practical device, 
which seems, however, sufficiently com- 
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prehensible both in principle and construc- 
tion without such aid. 


Every mechanic should fully realize that 
no reliance can be placed on the measure- 
ments of sizes or distances indicated on 
any caliper or gage used in any place 
whatever, where the precision is required 
to be absolute to standard rather than 
comparative to the means employed to in- 
dicate such standard. Such variations in 
ordinary machine-shops may be as much 
as .0005 of the size indicated, and this varia- 
tion may be proved and should be tested 
by every practical man. Suppose that a 
vernier gage having twelve inches capacity 
be held at its widest opening between two 
parallel pieces of equal length in a vise, 
and a rod about one-quarter inch in dia- 
meter be fitted to it so that it just fills to 
touch the gage and no more, the rod being 
freely handled to warm it; then, if the 
vernier gage be removed from the vise and 
the rod be substituted for it between the 
parallel pieces, the gage being still freely 
handled to warm it, the length of the rod 
will be found to indicate much shorter, 
perhaps by one-hundredth of an inch. 


Upon the value of training students in 
technical and trade schools for mechanical 
pursuits in advance of that sterner and 
more rigid training received in shops, 
there has been much diversity of opinion 
and much argument,the prevalent opinion 
being that such schools are very useful in 
certain directions, while in others they are 
greatly deficient. In an inaugural address 
delivered by Professor R. H. Smith at 
the opening meeting of the Mason Col- 
lege Engineering Society at Birmingham, 
England, this gentleman expressed the 
opinion that “the most difficult and te- 
dious part of technical training” is the 
cultivation of what he styled “ reliable in- 
stinctive faculties”; that in this “the tech- 
nical schools can, at least, make a good 
beginning, and that herein really good 
practical results can be produced.” His 
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opinion of what a mere school training 
can not do is equally well put: 

What a mere school training can of do is to 
impart that habitual caution and careful accu- 
racy which comes only from a sense of responsi- 
bility. The scholar pays his fee and thinks he 
does his whole duty if he submissively accepts 
the lesson for which he has paid the fee; he 
cares little whether he makes a blunder in execu- 
ting the exercises which he has given him, 
knowing that the evil results of his blunder are 
for the most part confined to himself, and that 
there are no ulterior consequences to himself of 
any very grave or dreadful sort,—none such as 
would in the other place [work-shop] cause the 
foreman suddenly to blaze forth in language 
quite unfit to be heard within the sacred pre- 
cincts of the college. Practically the worst that he 
can fear, as the result of his error, is the waste 
of so much material ; and he has rather a habit 
of thinking that because he has paid a fee he 
has the right to waste so much material per 
day, the proper amount being settled by himself 
within his Own private conscience. 

A remedy for this is suggested by Pro- 
fessor Smith,—to wit, that students shall 
only be employed on real work, and held 
to account strictly for any carelessness in 
the performance of any part of work con- 
tributing to a general result, the same as 
though he were a shop apprentice. All 
who have thought much upon this subject 
will be likely to appreciate both the defect 
and the remedy proposed for it. The 
trouble will be in the practical application 
of the remedy. 

The atmosphere of a school is totally 
unlike that of a workshop, as is tacitly ad- 
mitted in Prof. Smith's allusion to the 
language a foreman would be apt to use 
to a delinquent apprentice. Students are 
the recipients neither of wages nor of the 
brow-beating that fall to the lot of appren- 
tices in shops, and it may well be ques- 
tioned by shrewd observers of the social 
ethics of shops whether the guying and 
ridicule to which heedless and slovenly 
youths are subjected as a penalty for their 
blunders is not the very best discipline for 
the cure of such faults. 
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Conducted by Barr Ferree. 


HERE seems to be no diminution in 
those relics of uncivilized times,— 
architectural competitions. Every year 
some important mercantile building is de- 
cided by this cumbrous, expensive, and 
unnecessary method, which is as sensible 
as ifa sick man were to send fora half- 
dozen doctors and promise to engage the 
one that would effect the speediest cure. 
How long this state of things is to continue 
it is idle to predict, but, being an unavoid- 
able evil, it is clearly right to make it as 
little an evil as possible and to eliminate 
from it every possible suspicion of un- 
fairness. Architectural competitions, un- 
fortunately, are looked upon in so many 
quarters as perfectly natural and proper 
things that the methods of conducting 
them are very well known, very well under- 
stood, and, so far as the architect is con- 
cerned, very well systematized. A well- 
drawn competition program is a thought- 
ful document, embodying a multitude of 
details and requiring a wide acquaintance 
not only with the practice of architecture, 
but with the entire history of architectural 
methods. It is a document that cannot be 
drawn by every architectural! practitioner, 
and, as might be expected in this era of 
specialism, we are gradually producing 
a small school of competition-program 
makers, who, if this system is to be con- 
tinued, must, before long, exercise an in- 
fluence on current architecture quite out of 
proportion totheir merits. It is hard for the 
most conscientious program-maker not to 
infuse his personality into it, to indicate 
his own personal inclinations as to style 
and treatment, to tell the architect, so far 
as he dares, how to treat the problem it is 
only his business to indicate in the most 
summary fashion. Much of this is un- 
avoidable, but the influence of this hidden 
and powerful force in current architecture 
is not to be despised. Inthe limited com- 
petitions which are now the fashion, the 


most careful scrutiny is exercised as to 
the architects who shall be invited to com- 
pete for it. Their merits and demerits, 
their advantages and failings, their good 
work and bad, are all passed in review and 
the very best selected. Yet who examines 
the program-maker, who questions his 
authority or his competency, studies his 
prejudices or makes allowances for his 
idiosyncrasies? He needs looking after 
as sharply as the architect. He may be, if 
he chooses, a most dangerous man. 

The professional program-maker is a 
natural product of the competition system. 
Under our present architectural fashions 
he is more likely to be a teacher of archi- 
tecture in an architectural school than a 
practising architect. For some reasons 
such a person possesses many advantages 
for the work. He is not distracted by the 
labors of actual practice; he has time to 
give to study for which the busy man of 
affairs can devote no moments. Years of 
exercise in criticisms of youthful drawings 
have trained his mind in critical methods, 
even though the material on which it has 
thriven has not been of the healthiest and 
most invigorating kind. All of these are 
distinct advantages, and, coupled with the 
fact that he has probably had much experi- 
ence in these things,—else how could he 
be a professional program- maker ?—make 
him a very proper person for this sort of 
work, But he has his disadvantages, as 
have most people and much architect- 
ure. The teaching of architecture, as 
the teaching of any subject, tends to 
keep the teacher’s mind in a single rut. 
He views things from the academic stand- 
point, and in this country knows no archi- 
tecture save that taught in the Rue Bona- 
parte. In other words, the architectural] 
teachers of this country have so positively 
made up their minds that the system of 
the Ecole des Beaux-Arts is the only one 
to be employed in instructing young archi- 
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tects that nothing else is considered neces- 
sary for their training. Instructors in con- 
struction must, perforce, keep pace with 
the gigantic constructive strides American 
architecture is now making, but the teacher 
of the art of architecture, as the more or- 
namental side is often wrongly called, and 
who is most likely to be the professional 
program-maker, knows no architecture 
save that of Paris and its world-famous 
school. A person so trained is not in the 
least fitted to draw up a program fora 
competition for a business building, for ex- 
ample. What have orders, and columns, 
and friezes to do with a business building ? 
One has only to look at those examples in 
which they occur to find an answer. The 
Professorial Professional Program-Pro- 
ducer—to give him a stated title—is out 
of touch with much modern work. Living 
in a single style, he sees solutions in it only, 
and his program is drawn up accordingly. 
An architect finding hints of the classic 
strongly stated in the program necessarily 
imagines that he must follow them. And 
thus the Professorial Professional Pro- 
gram-Producer helps along his ownschool 
by forcing the use of his style, whether it 


be really suited to the problem in hand or. 


not. Theretarding influence he can exert 
on the progress of American architecture 
may not always be recognized, but it is 
nevertheless a fact. The creators of com- 
petitions should examine his merits as well 
as those of the architects they invite before 
putting his work out upon a long-suffering 
though perhaps indifferent world. 


Ir the antecedents of the professional 
program-maker need to be looked into in 
every well-ordered competition, the ante- 
cedents of the jury should be not less care- 
fully studied. The deciding of competi- 
tions, as well as the drawing up of their 
programs, is rapidly falling into the hands 
of the professors of architecture. Archi- 
tects, in active practice, are either taking 
part in the competition, or do not wish to 
give the time and thought necessary to the 
judging of a series of architectural designs. 
Besides, the mental agony incurred in 
looking at atrocious designs is likely to 
interfere with the work of an artistic 
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architect for some weeks to come. And 
so, the architects not being available, the 
jury plums fall to the professors. And 
people more unsuited to such work it 
would be hard to find. Professors, like 
other folk, have their prejudices and fail- 
ings, their inclinations and preferences. 
They like one style, abominate another, 
and look with indifference upon a third. 
The style they like is doubtless the only 
one they know, since even a professor of 
architecture cannot know everything; cer- 
tainly it is the one they are apt to judge 
by, because it isthe best. Here comes a 
new element for the architect. He not 
only has a program drawn up by a biassed 
hand, but he knows that, if he wishes to 
gain a certain competition, he must follow 
the inclinations and prejudices of his jury. 
An architectural jury, unlike one in a 
court in law, does not judge by facts, but 
by prejudices. If an architect knows its 
members to be classicists, he knows as wel! 
as he knows anything that, if he sends in 
anything’but a classical design, he will have 
his trouble for his pains. He might, if he 
has a strongly-marked individuality, work 
out a thoroughly practical design in some 
other style, but he wants that building, and 
bends his mind to an uncongenial task, and 
then wonders why he did not get the prize. 
Thus the architectural professor retains 
his grip upon current architecture, though 
its methods and necessities may be quite 
foreign to his style of thought and art. 
Both the Professorial Juryman and the Pro- 
fessorial Professional Program-Producer 
are legitimate products of the competition 
system ; yet both are fundamentally op- 
posed to the true progress of architecture. 
To a very large extent they are a neglected 
element in current architecture, but they 
are getting in their innings with the wis- 
dom of the proverbial early bird. Atrue 
appreciation of their real nature must help 
to destroy much of the present false con- 
fidence in the unquestioned merits of com- 
petitions, as it will likewise help to make 
clear their inherent unfairness. Mean- 
while the Program-Producer and the Jury- 
men should be carefully selected in every 
case. They cannot, if architecture is to 
live, be permitted to become a class. 
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ABOMINABLE as architectural competi- 
tions necessarily are, some good words 
may be spoken for the bill passed by the 
late congress permitting limited competi- 
tions for public buildings. If there has 
been one phase of American architecture 
more atrocious than another, it surely has 
been its official side. Americans do not 
naturally do foolish things, but they clearly 
exceeded all previous records when they 
evolved an architectural system whereby 
a single office, and nominally a single 
architect, should be responsible for the 
huge number of government buildings 
yearly erected in this country,—a number 
now estimated at about 300. And in order 
to make things as bad as possible,—as if this 
in itself were not sufficiently preposterous, 
—all of this was to be done by an archi- 
tect holding office for not more than four 
years, and often for less, and, as likely as 
not, as incompetent to undertake work on 
this gigantic scale as he was to earn the 
meager salary of the post by private prac- 
tice. It is no wonder that the architects 
of this country have been protesting for 
years against the horrors of this situation, 
and it is no credit to the intelligence of 
our national legislators that years have 
been necessary to bring about a reform. 
The new law contains many imperfections 
and is not at all what it should be, but it is 
a move in the right direction. The secre- 
tary of the treasury is now authorized to 
institute a competition limited to five 
architects for any public building at his 
discretion. This is the substance of the 
law. It is not mandatory, it need not be 
applied in every instance, and only the 
successful architect is entitled to compen- 
sation for his plans, which are to be ex- 
ecuted under the supervision of the super- 
vising architect of the treasury. Insuffi- 
cient as the law is, it must work many im- 
portant and long needed reforms. Whether 
under it our official architecture will take 
a fresh lease of life and thrive and flourish 
in a way long unknown to it may be 
doubted. But then this art could not, by 
any possibility, be worse than it is, and 
there is every reason to believe that the 
present entering wedge will prepare the 
way for further efforts and more success- 
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ful results in the near future. For several 
years the chief business of the meetings of 
the American Institute of Architects has 
been the discussion of such a law as this, 
and the taking of measures to secure its 
enactment. The present legislation is 
largely due to the activity of that body, 
but its occupation is not yet gone. There 
is much to be done yet for the furthering 
of American official architecture, and of 
American architecture in general, before 
the Institute can regard its chief mission 
as finished. 


ONE of the most notable changes in cur- 
rent architecture is the transformation 
which is taking place in the color of our 
buildings. It was only a few years ago that 
our chief cities were characterized by a 
dullness of color scarcely supportable; now 
they fairly blaze in a multitude of shades 
which is the more remarkable since it has 
always been considered that polychromatic 
architecture is quite impossible in the 
rainy, damp, changeable climate in which 
the people of the seaboard American cities 
see fit to live and thrive. We have by no 
means obtained a polychromatic architec- 
ture, as it is understood under the brilliant 
skies of southern Europe, but our cities 
are exhibiting a diversity of color, and a 
variety of tint that is positively delightful 
after our interminable red bricks and 
brown stones. Much of this variety is 
caused by the yellow brick which has be- 
come so fashionable of late, the use of 
which is growing, if anything, a little too 
promiscuous. But it affords a grateful 
change and enables the architect to obtain 
results quite impossible with the olderand 
more common red. Red, as a city color, 
is rapidly moving from the walls to the 
roofs, red tiles being now as much in favor 
for a roof covering as red bricks were once 
for walls. That the possibilities of red are 
not yet exhausted—rather that they are 
not yet understood—is evident from the 
gorgeous coat of red paint that has re- 
cently been applied to an iron building of 
the old type that directly overlooks the 
City Hall Park in New York. Such adeep, 
rich color was never seen on a building be- 
fore, and the effect of_a six-story struc- 
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ture painted in this ravishing shade from 
top to bottom, only relieved by a few ad- 
vertising signs uniformly painted in plain 
gold, is positively startling. From an 
ordinary unattractive structure this build- 
ing has become one of the most conspicu- 
ous in New York, and it is well worth a 
trip to lower Broadway tosee it. It offers 
possibilities in the coloring of buildings 
hitherto undreamed of, and it would not 
be surprising if the success of this trans- 
formation should popularize the horrible 
old-style iron structure that no one has 
known what to do with. Chicago has its 
Golden Doorway, but New York has its 
Red Building, and for startlingness of 
effect the latter city has nothing to be 
ashamed of. 


Ir is difficult to understand why Pro- 
fessor N. S. Shaler should work the read- 
ers of the North American Review up toa 
horrifying fear of the dangers high build- 
ings run from earthquakes, only to assure 
them, in his conclusion, that the danger is 
not very great or likely to do any of us 
harm. There is absolutely no limit to the 
what-may-happens, and the possibilities of 


earthquakes on the Atlantic coast are not 


too remote to render it foolish to take 
them into account. Any sort of catastro- 
phe may happen ina great city, and a 
heavy shock of earthquake would unques- 
tionably do a vast deal of damage not only 
among high buildings but among low ones. 
The human mind, however, is not given to 
estimating at their real value remote prob- 
abilities. One need not trump up an’earth- 
quake to find danger to human life and 
limb in many an apparently well-built and 
outwardly good building, which may be 
known to be unsafe, but which{no one 
hesitates to enter. And then when one 
finds, after all, that the likelihood of an 
appalling catastrophe from earthquake is 
very small, one cannot but wonder why a 
stir should have been made aboutit. Itis 
to be regretted that Professor Shaler, in 
composing his terrifying paper, should not 
have consulted an architect or an engineer. 
Had he done so, he would have escaped 
making several errors of his own and would 
have made a much more valuable contri- 
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bution to high-building literature than he 
has done. Thus he speaks of buildings in- 
tended to last through centuries. Costly 
as our high buildings are, it is not to be 
supposed they are intended to last for that 
length of time. Their duration may natu- 
rally be longer than that of the low build- 
ings they replace, but it is not at all im- 
probable that new conditions of life and 
business will arise which will render their 
present form quite unsuited to a more ad- 
vanced state. It is surprising, also, that so 
keen an observeras Professor Shaler should 
refer to the present limited use of steel 
in building. Oneneed only look over any 
great city and see the gigantic steel skele- 
tons rising from every street to realize how 
large a part this material takes in current 
building methods. And this omission on 
the Professor's part is,the more to be re- 
gretted since he looks upon the increased 
use of steel in building as an additional 
safeguard against earthquakes. 


Mr. BERG’s book on buildings and struc- 
tures of American railroads* is a notable 
production in many ways. Not only is it 
the first considerable book of its kind on 
the subject, but it is thoroughly complete, 
dealing in the most detailed manner, and 
with theamplest illustrations and examples, 
with all sorts and kinds of railroad struc- 
tures, from watchmen’s shanties to the ter- 
minal railroad stations of great cities. It 
is this which gives the book its real value 
and which will make it, for many years to 
come, the best authority on the subject. The 
larger part of the work is devoted to what 
may, for want of a better term, be called 
the mechanical part of railroad building, to 
the study of the structures used in the 
actual workings of a railroad, and which, 
though often devoid of architectural treat- 
ment, are, from the railroad man’s stand- 
point, more important than the costly 
depots and stations of large cities. Much of 
this materjal is, of course, without archi- 
tectural interest, but it is a very necessary 


*Suildings and Structures of American Railroads. A 
Reference Book for Railroad Managers, Superintend- 
ents, Master Mechanics, Engineers, Architects, and Stu- 
dents. By Walter G. Berg, C. E. New York: John 
Wiley & Son. 1893. 
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part of railroad architecture, and Mr. Berg 
follows it through the smallest detail in 
the most conscientious manner. The exam- 
ples given are numerous and selected from 
all the railroads in the country, so that the 
reader has here, in convenient form, repre- 
sentative types of the best railroad con- 
struction. Aiming as he doesto represent 
chiefly railroad construction, the author 
does not undertake to illustrate the 
architectural possibilities of these build- 
ings. Yet in glancing over his pages one 
may obtain a very fair notion of the 
architectural status of railroad buildings 
{n this country. As a whole it is not 
satisfactory. Many of the smaller build- 
ings, those of wood and in which cheapness 
is naturally the first consideration, actually 
lose by attempts at decoration. Probably 
no class of wooden structures have been 
so neglected in this country as railroad 
stations and similar buildings, though 
many changes for the better have been in- 
troduced in the stone and brick buildings 
now generally erected. The architect, in 
fact, has little opportunity to display his 
ability in such buildings, and it is only in the 
more considerable edifices that railroad 
architecture attempts to become artistic. 
Mr. Berg’s book is a monument of pains- 
taking labor, and may be most cordially 
commended to all directly concerned with 
the topics of which it treats, while the gen- 
eral student of architecture may learn 
much of interest and of value from it. It 
is so thoroughly good that the author will 
pardon our regret that the names of his 
sketches, of which there are seven hun- 
dred, were not placed underneath them. 
The designation “ perspective,” “ ground- 
plan,” etc., is in every case intelligible with- 
out a printed legend to that effect. The 
name of the building illustrated in the 
perspective or plan, as the case might be, 
would have been of assistance to the reader. 


Last month we had occasion to refer to 
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the fiftieth anniversary of our venerable 
London contemporary, The Builder. We 
have now to extend our congratulations to 
a much younger contemporary, and this 
time an American, 7he Jnland Architect, 
of Chicago, which has just celebrated its 
tenth anniversary. This lively, wide-awake, 
and admirably edited periodical is one of 
the few indispensable periodicals to the 
American architect, supposing, of course, 
that he is sufficiently interested in affairs 
to wish to keep abreast of architectural 
progress in the west. It is a clean, whole- 
some paper, breathing the ceaseless activity 
of the west in every line, and reflecting the 
most admirable features of its architectural 
thought. It is a pleasure not only to be 
familiar with its text and its plates, but to be 
able to congratulate it on reaching the end 
of its first decade. Not the least of the 
merits of Zhe /nland Architect is the sup- 
port and encouragement it gives to west- 
ern architects to write for its pages. We 
have more than once had occasion, in this 
place, to refer to the lack of the literary 
habit among American architects. This 
reproach cannot lie at the door of our 
breezy western contemporary. While it 
might, perhaps, be an exaggeration to say 
that one of its missions is the formation of 
a school of literary architectural writers in 
the west, it has, by making copious use of 
the literary products of western architects, 
gone as far as an independent journal 
could go that was not wholly committed 
to such a policy. Its readers may, there- 
fore, always count on some fresh, interest- 
ing, and valuable contributions, which, with 
its judiciousand thoughtful editorials, make 
it one of the very best papers of its kind in 
this country. If it hasa fault, it is that it 
only comes to hand once a month instead 
of once aweek. We extend it hearty con- 
gratulations on reaching the present period 
in its career, and trust we may be able to 
renew our felicitations at many subsequent 
such occasions. 
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Conducted by Dr. R. A. Witthaus. 


HE hygiene of building materials is a 
study but little known in this coun- 

try, although in Europe it has attracted 
considerable attention. Dr. Serafini, as- 
sistant at the Institute for Experimental 
Hygiene in Rome, has recently published 
the results of a series of experiments on 
this subject, an account of which may be 
found in a recent number of Good Health. 
The porosity of various materials was 
determined as follows: Small pieces were 
dried at a temperature above 100° and 
then placed in hot distilled water in such 
a manner as to drive out completely the 
air contained within the pores. Whenthe 
mass was saturated, the surface was dried 
with bibulous paper and the exact volume 
determined according to the principle of 
Archimedes. The surface was then again 


dried and the mass weighed, after which it 
was thoroughly dessicated by heating to 
above the boiling-point of water, and a 


second weight taken. The difference in 
weight indicates the amount of water ab- 
sorbed by the pores, and the relative vol- 
ume of water to that of the whole mass 
was thus obtained. Figures expressing 
the total volume of the pores as compared 
with the volume of the mass were as fol- 
lows: Lime rock, 44.62; red brick made 
by machinery, 32.79; red brick made by 
hand, 36.77; mortar from an old wall, 
33.88; travertine, 4.44; and marble, 0.25. 
The permeability to air was also deter- 
mined, and a table is given. It was found 
that one square meter of a brick wall two 
feet thick, one-fifth of which was com- 
posed of mortar, transmitted in one hour’s 
time, with a pressure equal to that of a 
water column of two inches, 600 liters of 
air, or about twenty-two cubic feet. It 
has been falsely assumed that, owing to 
the porosity of ordinary building material, 
artificial ventilation is of small conse- 
quence, The ridiculousness of this posi- 


tion is at once apparent when we compute 
that an atmospheric pressure equivalent to 
a water column two inches high is only 
produced by wind traveling at the rate of 
forty-five miles per hour, while the press- 
ure of a light breeze is 500 times less than 
that required in the above experiment 
to produce twenty-two cubic feet an 
hour. It will be remembered that not less 
than 2000 cubic feet of air per hour are 
required for each person. The amount of 
air passing through a wall in a given time 
is diminished by increased thickness, but 
not in direct proportion. A five-fold in- 
crease in the thickness of a wall diminished 
the air transmitted only one-half, while 
increasing the thickness of a wall twenty- 
five fold only reduced the volume of air to 
one-fourth. A third series of experiments 
was conducted by Dr. Serafini to deter- 
mine the best conducting property of dif- 
ferent materials, and a table of the results 
are given, cork being taken as unity. 

A more interesting study was that of 
the relation of the various materials 
to microbes. Lime and mortar, it was 
found, never contain microbes, and 
when the latter were incorporated with 
the former in laboratory experiments, 
they soon disappeared. Old walls, 
however, contain microbes even to their 
centers, as was demonstrated by Dr. 
Sanfelice in regard to the walls of the hos- 
pital San Gallicano. It was shown by the 
experiments that the microbes of the air 
pass through building materials only with 
great difficulty, but when suspended in 
water they readily find their way into the 
interior of the mass. “In one case germs 
were found to have penetrated four inches 
into a brick after it had been in contact 
with the culture for six weeks. The daczi- 
lus prodigiosus penetrated a block of lime- 
stone to a depth of four inches in five 
weeks, without pressure, and to more than 
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half that depth in the space of two weeks. 
The ready penetration of limestone, brick, 
and similar material by germs renders 
important the adoption of means to pre- 
vent the saturation of walls from contami- 
nated soils. The author drawsthe conclu- 
sion from his various experiments that the 
lateral walls of buildings should be made 
impermeable to air, not only to prevent 
the penetration of the walls by microbes, 
but to allow for frequent washing without 
saturating the walls by moisture. 


PASSING on toa material of construc- 
tion treated from another point of view, 
we have the admirable papers on Portland 
cement and Portland cement concrete by 
Mr. Bamber, Mr. Carey, and Mr. W.Smith 
presented tothe British Institution of Civil 
Engineers. It is pointed out in the paper 
by Mr. Bamber that the usual method of 
determining the completeness of burning, 
namely, by weight per bushel, is fallacious, 
and that the specific gravity is a better 
guide. He states that a good new cement 
should have a specific gravity of 3.1 to 3.15, 
and that, if it fall below 2.9, the cement has 
either been improperly burned or has after- 
wards deteriorated by exposure. In the 
taking of the specific gravity, he advises 
water rather than turpentine, which is gen- 
erally used, on account of the sensitiveness 
of the latter to the temperature. The 
practice of aérating cement is deprecated. 
Interesting experiments upon the proper 
proportion of water to use in mixing con- 
crete are described. Blocks composed of 
four parts of shingle, two of sand, and one 
of cement were used, and several sets more 
made in duplicate with varying proportions 
of water. The first were mixed with as 
much water as the cement would take up, 
or about Io pounds for each block; the 
second with 7% pounds of water; and the 
third with 5 pounds. After standing fora 
fortnight one of these sets was placed on 
a sea-wall for twelve months, where it was 
exposed to tide action, and the other was 
similarly exposed to the action of fresh 
water. Upon examination at the end of 
the period named it was found that the 
one with 10 pounds of water was hard, 
sound, and dry throughout; the one with 
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7% pounds of water was dry at the center, 
but had been penetrated to a depth of three 
inches; while the one with 5 pounds of 
water was wet through, much of the lime 
had been removed by the sea-water, and 
the block was weak. Other experiments 
proved that, with the decrease in the 
amount of water used, the bulk, and con- 
sequently the porosity, was increased. 
The author concludes that it is necessary, 
in order to secure sound concrete, to have 
it thoroughly wet, that it may be non-por- 
ous and impermeable to the action of the 
water when placed in position. 

In the paper by Mr. Cary, on “ The 
Inspection of Portland Cement for Public 
Works,” is shown the fallacy of the once 
universal requirement that not more than 
10 per cent. of the cement should be left 
on a sieve with 2500 meshes per square 
inch, In reality it is only the floury ce- 
ment that has any cohesive properties, and 
the residue left on a sieve with 32,257 
meshes per square inch has practically no 
cementitious value. The effect of fine 
grinding is thus shown: A standard sam- 
ple was prepared, giving, with 9 percent. of 
residue on a sieve of 2500 meshes, a tensile 
strength of 220 pounds per square inch, 
With the residue above removed 304 
pounds per square inch were obtained, 
while with the residue on a sieve of 32,257 
mesh removed the tensile strength was 360 
pounds per square inch. 

In opposition to Mr. Bamber, Mr. Cary 
deems the aération of cement desirable, to 
remove the baneful effects of free lime: 
and, in view of the change that cement 
often suffers on a long voyage, he suggests 
that it be exported in clinkers to be ground 
at its destination. Mr. Cary also insists 
upon the necessity of determining the spe- 
cific gravity and gives as the minimum a 
gravity of 3.1. With respect to testing he 
is in favor of the one-inch by one-inch 
briquette, and prefers hand-trowelling to 
the Arnold apparatus, because of the great 
facility in judging the quality by manipu- 
lation. Exposure to frost was found to 
delay the increase in strength of cement, 
though the final strength is the same. 

Mr. W. Smith, in his paper on “ The In- 
fluence of Sea Water upon Portland Ce- 
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ment, Mortar, and Concrete,” shows that 
where exposed to water, and particularly 
in the case of sea-water, it is of greatest 
importance that the concrete structure be 
impervious. A series of experiments was 
performed, and the conclusions were that 
(1) the cement must be finely ground; (2) 
the cement should not be present in 
smaller proportion than 1 to 6 of sand and 
stones; and (3) the concrete must have 
sufficient time to set before the application 
of the pressure. Mr. Smith shows:the fu- 
tility of trusting to a film of calcium car- 
bonate for securing impermeability, and 
also criticises the use of a oovering of 
Portland-cement mortar from the same 
purpose. He concluded that the only 
certain way is to build the entire mass im- 
permeable. 


WE take the following note from the 
Engineering and Mining Journal: “In 
this country a good deal of difficulty is 
experienced in testing cement because of 
the liability of the briquettes breaking 
through the head, instead of at the small 
cross-section. This irregular fracture can 
in most cases be attributed to the fact that 
the jaws grip the briquette along a line, 
instead of the surface of the jar being in 
contact with the briquette over a consid- 
erable surface. In Europe a different 
form of jaw is employed, and, according to 
the research of a French Government 
commission of engineers, there are in con- 
sequence fewer cases of irregular fracture. 
In the report they say that these better 
results are due both to the form of the 
briquette, which is molded with a groove in 
its center, and to the form of the grip, 
which, instead of being sharply convex 
and thus affording only a small surface of 
contact, has a large radius of curvature at 
the point of contact.” It is of extreme 
importance that physical tests, often im- 
perfect at the best, should be conducted 
with most scrupulous care and attention to 
details in order that the results may have 
even an approximate value. Hence it isto 
be advised that our American engineers 
should avail themselves of the hints 
thrown out by France in this matter of 
cement-testing. Asa rule the American 


takes the lead in such matters, his native 
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ingenuity in the adoption of machines 
removing from him all “ personal equa- 
tion” and the accompanying liability to 
fall into error. There are many instances, 
however, where old and imperfect methods 
may be found, and there is, as there always 
must be, room for vast _improvement, 
especially in this line of physical testing. 


IN a paper read by Mr. H. S. Poole 
before the Mining Society of Nova Scotia 
an account is given of the experience in 
that country with the flameless explosives 
“roburite” and ‘“acadine.” The former 
was introduced from England in 1890, but 
previous to that date gunpowder was the 
only explosive known, and owing to the 
fiery nature of many of the mines it had 
become necessary in some instances to 
close down. The principal experience so 
far has been with roburite, which has given 
satisfaction, though at first there were 
manycomplaints. The minerscomplained 
of missed shots, of shots that did but half 
the work expected of them, and of charges 
that did not explode. The trouble was 
found in the failure to follow the instruc- 
tions, and in tamping the charge as they 
had been accustomed to tamp gunpowder. 
The cartridges were exposed to damp and 
were otherwise maltreated. Naturally they 
refused to do their work, but now that 
the new material is better understood, it is 
steadily growing in favor, and so far about 
7300 pounds have been used. In only a 
few instances have flames been observed, 
and a possible cause in these may have 
been in a short circuit of naked exploding 
wires. The tendency in the beginning was 
to use too much of the roburite, but now 
its strength is understood to be weight for 
weight 24 times greater than gunpowder, 
and its quantity is regulated accordingly. 
Among the disadvantages may be named 
that common to all compounds containing 
ammonium nitrate,—that is, of absorbing 
moisture on exposure to the atmosphere, 
being thereby first weakened and then ren- 
dered useless. The cartridges are rendered 
waterproof by dipping in paraffin, but as an 
additional caution it is well to store them 
in a magazine where the air is kept dry. 
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Acadine, a mixture of ammonium nitrate 
with nitroglycerin, is manufactured by the 
Acadia Powder Co., of Waverly, N.S. On 
account of the possible decomposition of 
such mixtures with the formation of acid 
and possible consequent explosion, their 
manufacture is prohibited in England, but 
no such misfortune has occurred in Nova 
Scotia, where, however, the precaution is 
taken of using the material as soon after 
making as is possible. Acadine has several 
important advantages over roburite, among 
which are the following: It is cheaper and 
requires a less expensive detonator; hard 
tamping does not affect the explosive 
power, and consequently, when a charge 
fails to explode on the detonation of the 
cap, a second primer with a fresh cap may 
be used. This is not so with roburite, 
which becomes consolidated to the extent 
of defying explosion. In only one case has 
light been observed, during an experience 
with 6400 pounds of the material. The 
strength of acadine is 50 per cent. greater 
than gunpowder. 


Ir has been a frequent practice to venti- 
late a cargo of coal with the view of re- 
moving the inflammable gases therefrom. 
That this in itself is an introduction of a 
source of danger is made clear by Professor 
Clowers, of Nottingham. From an account 
of his observations in the American Gas 
Light Journal we abstract the following: 

Four colliers were loaded with coal from 
the same seam and by means of the same 
tips. Three were ventilated and the fourth 
was not ; the former were consumed by fire 
before reaching Aden, while the latter ar- 
rived at Bombay in safety. It was evi- 
dent that the ventilation of the coal had 
supplied just that air necessary for its com- 
bustion when heated which was absent in 
the case of the unventilated coal. Coal 
which has been heated in the air and has 
begun to cool again is safe from further 
heating; hence storing coal in the air for 
a sufficient time before loading is calcu- 
lated to insure the safety of the cargo. 
The following conclusions were reached : 
First, the danger of spontaneous firing of 
coal in large lumps is very slight; it is 
much greater with smaller coal, and greater 
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still with dust. The increase of danger is 
due to the larger extent of surface exposed 
to the air in proportion to the mass of the 
coal. Second, air-dried coal which con- 
tains more than 3 per cent. of moisture is 
dangerous; if it contains less, the danger 
diminishes. The moisture contained is a 
measure of the absorbent power of the 
coal for air, and the more absorbent the 
coal, the more dangerous. Third, the 
danger is somewhat increased by the pres- 
ence of pyrites, in large quantity. Fourth, 
newly won coal should be shielded from 
the air as much as possible, to prevent the 
chance of rapid heating, and for the same 
reason it is best not to stack it in large 
heaps, since these retain the heat. Venti- 
lation of the coal often adds greatly to the 
risk of spontaneous firing. Fifth, all ex- 
ternal sources of heat, such as steam-pipes, 
boilers, and hot flues in the neighborhood 
of the coal, add very greatly to the risk. 
Spontaneous heating becomes vastly more 
rapid when it is assisted from without. 


THE removal of sulfur from purified gas 
has ever been an important and difficult 
operation in the manufacture of illuminat- 
ing gas, and there is probably no gas man 
in the country that has not, at one time or 
another, been called upon to “ explain” to 
the consumers why it is their gas ‘smells 
so.” This bad-smelling gas certainly is 
most offensive, but, when the manager 
promises the irate customer that the 
trouble will be remedied, he is often 
secretly perplexed and worried to know 
how to doit. In view of the importance 
of this subject, the paper read by Mr. 
Goodno before a recent meeting of the 
New England Association of Gas Engi- 
neers is of extreme interest. Mr. Goodno 
gives the public the benefit of his obser- 
vations and experiments upon the removal 
of sulfur, and an additional value is given 
to the paper by the able discussion which 
followed. 

In the fall of 1890, when using a large 
percentage of Glace Bay coal and purify- 
jng about 1500 cubic feet per bushel of 
freshly prepared home-made sponge, many 
complaints were received of the sulfur in 
the gas. The trouble was remedied by the 
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use of lime in about equal quantities with 
the sponge. The lime, rapidly fouling by 
the formation of sulfid of lime, retained 
the carbon bi-sulfid of the gas. At this time 
a cargo of Pennsylvania coal was received, 
and used for some months. When the 
Glace Bay coal was again reached, the for- 
mer trouble was expected, but did not put 
in appearance, the same sponge being in 
use as before. The improved condition 
was now looked for in the old sponge, 
which by this time carried a high percent- 
age of free sulfur; and, as one of the few 
solvents of sulfur at ordinary temperatures 
is carbon bi-sulfid, it would be reasonable 
to suppose that the converse is true and 
that the free sulfur of the sponge had 
taken up the carbon bi-sulfid of the gas. 
For the purpose of experimenting upon 
the removal of the bi-sulfid an apparatus 
was set up for burning 8.10 cubic feet of 
gas per hour in the presence of ammonium 
gas and condensing the products of com- 
bustion by suitable cooling arrangements. 
The sulfur was thus obtained as ammonium 
sulfate. Purified gas from the holder gave 
at 60° temp. 11.8 grains per 100 cubic feet, 
while the same gas after passing at 50° 
temp. through old sponge heavily charged 
with sulfur gave only 5.4 grains per 100 
cubic feet. The same gas with the same 
treatment except that the temp. was 60° 
gave 4.4 grains. These results will suffice to 
show the manner of experimenting and 
some of the results obtained. Ata higher 
temperature the sulfur in the gas again 
increased, owing probably to the driving 
over of the carbon bi-sulfid, which is of 
course very volatile. The same gas as 
above, passed through a purifier filled with 
flowers of sulfur moistened with steam, gave 
3.2 grains per 100 cubic feet, and in all 
probability this small amount consists of 
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other compounds of sulfur than the bi- 
sulfid. That old oxid heavily charged with 
sulfur and thoroughly revivified will an- 
swer as well as fresh lime in removing the 
bi-sulfid seems to be theoretically true and 
borne out in practice, for in comparing the 
State inspector’s reports it will be seen 
that upon turning on a fresh box of old 
sponge the gas tests lower in sulfur. Mr. 
Goodno suggests that an extra purifier 
placed after the ordinary ones and filled 
with the oldest available sponge carrying 
a high percentage of free sulfur would ef- 
fect a permanent improvement in the 
quality of the gas and prove a safeguard 
against crossing the 20-grain limit. Such 
an additional purifier would need changing 
only at long intervals, and the expense 
would be small. A discussion followed, 
and many interesting pointsof experience 
were brought to light. 


VARIOUS processes, electrical and other, 
have been suggested and tried for the 
disposal of sewage, or for the nullification 
of its poison, which is the same thing. A 
process invented by Mr. William Webster 
has been tried in England, and that of M. 
Hermite has been in operation for some 
years at Rouen, with highly promising re- 
sults. The method in vogue at this latter 
place—namely, the electrolysis of the sew- 
age direct after the addition of common salt 
orchlorid of iron—would hardly be practi- 
cable in a city like Paris with its enormous 
output of sewage daily, but a modification 
could be used and the electrolyzed solution 
added to the sewage. This application of 
electrolytic disinfection becomes especially 
possible wherever sea-water is at hand, as 
for instance on shipboard or at the sea- 
coast towns, so often starting points of in- 
fectious diseases, 
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Conducted by Albert Williams, Jr. 


in a pros- 

pectus sometimes subjects the 
company fathering it to certain after in- 
conveniences, at least in English law. Not 
that a serious result is cercain to follow ; 
but it may. Indeed, if there were any cer- 
titude or even probability that false or ex- 
aggerated statements in a prospectus would 
react upon the utterers, the extraordinary 
literature of the incipient English mining 
corporations would have been consider- 
ably abridged. However, a case has re- 
cently come up in the English courts, the 
decision in which may rather astonish 
most readers, for the offence was by no 
means of an especially heinous order, but 
one which seems trivial in the light of 
what has been published officially by min- 
ing corporations there and elsewhere. In 
the case referred to, the plaintiff had ap- 
plied for and had been allotted a certain 
number of shares in a new company, on 
which he had paid certain sums, and he 
petitioned to have the register of share- 
holders rectified by having his name re- 
moved, and to have the money so paid 
refunded to him. The ground of the ap- 
piication was that the prospectus contained 
misrepresentations, the particular one 
proved, and upon which the judge held 
that the applicant was entitled to the re- 
lief asked for, being a statement that the 
“promoter” would provide the prelimi- 
nary expenses of floating the company, 
whereas in fact in the contract between 
him and the company it was stipulated 
that such expenses should be repaid him, 
which they were. Plaintiff claimed that 
what induced him to invest was the appar- 
ent good faith shown by the “ promoter.” 

Another case which came up before the 
same court shows, however, that a share- 
holder, if he has ground for complaint as 
to matters contained in the prospectus 
which induces him to subscribe for shares, 
must not let the grass grow under his feet. 


In this case the plaintiff awaited the issue 
of a suit by another shareholder, and after 
the latter had been successful he delayed 
a month longer before takingaction. The 
court held this delay to be unreasonable 
and the right to relief forfeited. 

Commenting upon these two cases, “ A 
Barrister,” writing in the London M/zning 
Journal, gravely warns directors of new 
companies that it will be well “to see that 
the statements contained in their prospec- 
tuses are accurately phrased,” and advises 
them, “ if they have any doubt as to the 
meaning likely to be placed by an intend- 
ing subscriber for shares on any particular 
sentence,” to consult their lawyer—and 
hedge. 

The innocence of the British investor and 
the peculiar methods of the British ‘* pro- 
moter” are subjects of constant wonder- 
ment in the United States, but so far as 
crookedness goes it’s the old story of the 
mote and the beam. At this very time 
wildcat mining shares are being floated 
upon American small investors on the 
strength of prospectuses and reports which 
under the first ruling just cited would, in 
the English courts, and under similar cir- 
cumstances, entitle the victims to recover 
the amount of their investments. A little 
more law of that kind would have a salu- 
tary effect everywhere. If it did not deter 
those who are pecuniarily irresponsible 
from pushing fraudulent schemes, it might 
at least cause sponsors of new companies 
to be cautious in putting forth reckless 
and over-colored statements about the 
properties whose shares are offered to 
the public. 


BASIC steel is reported as making de- 
cided progress abroad as a material for 
engineering construction, such as bridges. 
In Germany and France it is even being 
specified as the material to be used in such 
work, and /ron [London] states that in 
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the former country experiments are being 
carried out to prove that it is equally, if 
not better, adapted for constructive pur- 
poses and even for shipbuilding than Bes- 
semer or open-hearth steel. It is further 
reported that in France the process is so 
successful that basic metal can now be 
produced cheaper than manufactured iron, 
and promises to take the leading position 
there. In England large orders have been 
placed recently for basic steel in plates, 
bars, channels, and angles for bridges ind 
similar work, though the output is still 
behind that of Germany. In the United 
States there are special reasons why the 
growth of the basic process has been 
checked, but the production promises to 
be considerably increased by the opera- 
tions of a new company in the South. The 
prejudice against the metal seems to be 
disappearing, and the process promises to 
do much toward developing the large de- 
posits of phosphatic ores, otherwise un- 
available. 


AT a recent meeting of a foreign engi- 
neering society, in the course of a discus- 
sion of papers upon lead-smelting for the 
precious metals, one of the speakers ex- 
pressed a doubt whether in American 
practice over 92 per cent. was saved of 
the contents of the ores treated. Such 
a statement of course argues total igno- 
rance of the subject. It is a sufficient 
refutation to say that the custom smelters, 
in buying ores, pay on the basis of 95 per 
cent. of their tenor in silver and lead; 
while for gold, if the ore contains over one- 
twentieth of an ounce per ton, they pay 
for the total contents. They pay for silver 
and lead the full rates established by the 
New York quotations of the day, and for 
gold either $19 or $20 an ounce. The 
smelters have to stand transportation ex- 
penses on the crude lead bullion to the re- 
finery or market, usually at a long distance, 
also cost of refining, commissions, etc. 
Further, the smelters pay cash for ores on 
receipt, but as the lots bought may be 
carried for stock in the bins or in the ore 
beds for some time, they lose the interest 
on the value of their purchases, often for 
many months. The system of buying ores 
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is complicated by the varying smelting 
charge, discrimination against silica, zinc, 
or other undesirable elements, and allow- 
ance for ironand other fluxing constituents. 
But the factthat the basis of the business is as 
just explained shows that the percentages 
saved in smelting must be high. Competi- 
tion in the ore market has rendered 
close figuring a necessity, but the smelt- 
ers certainly do not conduct operations 
at a loss. Whether there is a profit 
or a loss on a particular lot of ore 
bought cannot always be told. The 
kinds and proportions of the ores in stock 
influence the selection of new material. 
Each lot loses its identity in the smelting 
mixture, so that what its individual results 
may be is not known. Inthe long runthe 
system pursued is undeniably profitable, 
though precise calculations are difficult 
even to the managers, owing to the com- 
plexity of the business. It is estimated 
that about ro per cent. of the lead, carrying 
a less proportion of silver, passes out of 
the stock as fume and flue dust. Of this 
over one-half is ultimately recovered in the 
annual clean-up. One of thegreat smelting- 
works has more than a mile of flues and 
dust chambers, and a main chimney 350 
feet high. With a plant like this the losses 
in fume and dust are brought very low, 
while modern methods keep down the loss 
in slags, besides which there is a partial 
retreatment of the slag shells. As to the 
gold, the smelters invariably overrun the 
assay figures; that is, they get out appa- 
rently more gold than is charged into the 
furnaces as ore. This is because all silver 
and lead ores carry traces of gold, which, if 
too small to appear in the assay reports, 
still count up in the aggregate when con- 
centrated in the bullion and refined, while 
much of the flux carries other small quan- 
tities, and also because, as stated, the 
smelters do not pay for less than one- 
twentieth of an ounce (say $1) per ton. 
The loss of gold from volatilization is 
slight. What passes into the flues and 
dust chambers is mostly carried off me- 
chanically with the other matters. If ex- 
ceedingly refined assays were made of the 
most minute quantities of the precious 
metals entering into the furnace charge, 
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and if there were an absolute clean-up of 
everything, the campaign would be found 
to give a better showing than a recovery 
of 95 per cent. on each of the three metals, 
silver, lead and gold, in the regular prac- 
tice at our largest custom smelting-works. 
The managers know pretty closely what 
they are doing, but not quite. The public 
naturally knows less. 


Ir is sometimes argued that the inven- 
tion of the safety-lamp has done more 
harm than good. It has reduced the num- 
ber of colliery explosions; but on the other 
hand it must be admitted that explosions, 
when they do occur, are of far greater 
gravity than they might have been had no 
safety-lamps been in use. This is readily 
understood when it is remembered that 
the safety-lamp encourages working in 
gaseous mines which, without it, would 
have had to be abandoned, and that confi- 
dence in it begets carelessness, which 
sooner or later by some trifling accident 
brings about disaster. Collieries are also 
worked on a much larger scale than at the 
beginning of the century; the workings 
are vastly more extensive, and the num- 
ber of men exposed in any given instance 
has been correspondingly increased. Yet 
it would be taking a very short-sighted 
view of the conditions to condemn the 
lamp on that account. M. Le Chatelier, 
whose admirable work has been previously 
quoted in these pages, rightly says on this 
head that it is sufficient, in order to prove 
the value of the invention, to compare the 
number of deaths caused by fire-damp 
with the quantity of coal extracted, which 
has increased with marked rapidity,—ten- 
fold indeed,—-while, happily, accidents have 
by no means increased in the same propor- 
tion. The truth is that the safety-lamp is 
only one factor of safety, and must not be 
counted on to do more than should fairly 
be expected of it. So far as its own proper 
function extends, it is a great help; but it 
is not everything. It is not possible to 
prevent the emission of fire-damp or to 
neutralize it; nor can dangerous accumu- 
lations be always guarded against; nor is 
there any certainty that causes of ignition 
can be wholly suppressed. In short, as M. 
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Le Chatelier concludes, it must, as a rule, 
be acknowledged that it is quite impossible 
to entirely do away with any of the above- 
mentioned causes of accident, and we 
must be content to reduce their frequency 
toaminimum. He adds: “ Moreover, the 
simultaneous attenuation of the different 
causes permits of obtaining a degree of 
security in itself considerable, almost abso- 
lute ; it is, in fact, the case that, if each of 
the causes of accident occurs by itself with 
tolerable rarity, the probability of their 
simultaneous occurrence, which is indis- 
pensable for bringing about an accident, 
will become infinitely minute.” This he 
illustrates by supposing the frequency of 
fire-damp accumulations “ equivalent to 
that during one whole day out of a thou- 
sand working days ; and also supposing the 
frequency of causes of ignition to be equiv- 
alent to the use of naked lights during one 
whole day out of athousand working days. 
Then the probability of simultaneous oc- 
curence of accumulations and exposure to 
ignition will be as 1 : 1,000,000,—that is to 
say, an accident would occur on an 
average once in every three thousand 
years, which may be regarded as practically 
absolute security. If, on the other hand, 
account be taken only of the causes of 
ignition, without diminishing the causes 
of accumulation,—that is to say, if regular 
working be carried on in fire-damp (as has 
been too long the practice in collieries), it 
will no longer be every 3000 years that an 
accident will happen, but every three 
years.” Which would mean that the col- 
liery would have to be abandoned. M.Le 
Chatelier’s assumed figures are fictitious, 
but they bring out the case very clearly. 
The evident moral is—ventzlation, with 
every secondary precaution besides. 


Ir is believed that the production of 
platinum is closely regulated by the de- 


mand and the price. In 1891 the output 
from the placers in the Urals was 136,220 
ounces of crude platinum, about 80 per 
cent. fine. This was valued at about $5 
per ounce, crude. The productionin 1891 
increased 30 per cent. on that of the pre- 
ceding year, being stimulated by the 
marked advance in price, which had 
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reached $16 per ounce for the pure metal. 
Since then the price, which had been ar- 
tificially upheld, has declined to its normal 
rate of $8 or $9 per ounce, though the 
consumption of the metal for the leading 
wires of incandescent lamps is on the in- 
crease, while its use for crucibles and other 
chemical apparatus and for jewelry re- 
mains the same. The small quantity (500 
to 600 ounces) of crude platinum sand 
annually obtained in connection with gold 
placer mining in the United States would 
doubtless be increased if more attention 
were given the matter, while some new 
Canadian localities promise well. A small 
supply comes also from Brazil and from the 
Cordilleras of South America. 


IMPORTANT deposits of bauxite have 
been discovered in Saline and Pulaskicoun- 
ties, Arkansas. This mineral is used in the 
manufacture of aluminum, as a refractory 
material, and in making alum and alumi- 
nate of soda. Professor J. C. Branner, 
State geologist, reports that the beds vary 
from a few feet to over 40 feet in thickness. 
Its identity and value were not recognized 
until lately in Arkansas, where it had been 
prospected as an iron ore, and used for 
building roads, without suspicion of its 
real nature. As Professor Branner says, 
bauxite is not a common mineral in any 
part of the world, and as it has a spongy 
earthy appearance, and is very light, there 
is nothing about it to attract the attention, 
and this is probably the reason it has been 
so long over-looked. The French bauxite 
mines are the principal source of this min- 
eral. Inthe United States it appears to be 
of rare occurrence, so far as known, though 
there is a bed of it in Georgia. 


GRADUATES from the technical schools 
at first find themselves ratier at a loss 
when brought to face the great number of 
samples to be assayed daily in a large 
smelting or other metallurgical establish- 
ment. At the school laboratories there is 
always plenty of time, but little room ; and 
the methods taught there are right in prin- 
ciple, but dilatory. In practical work 
things are different, and both methods and 
apparatus may seem strange to the novice. 
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Here the assayer has to keep up with the 
regular routine of the establishment,—so 
many samples to dispose of daily, so many 
in a batch, and the reports to be turned in 
at stated hours, with occasional extra 
pressure in emergencies. If he runs behind 
and is overweighted by the rush of busi- 
ness, Ife is likely to get rattled and make 
breaks. After a while, however, he picks 
up wrinkles which enable him to get 
through the regular tale with more com- 
fort. At every large works short cuts and 
speciai appliances have been adopted or 
invented to meet the peculiar exigencies 
and handle great numbers of assays rapidly 
without detracting from such precision as 
may be necessary. Some are pretty gener- 
ally known in the profession, others are 
almost private property, though not kept 
so for the same reason as trade secrets. 
All these things are not taught in the 
schools or described in the text-books. 
Every young assayer has to be coached by 
his more experienced associates, or find 
out for himself. Another thing he has to 
learn, not often inculcated in his prelim- 
inary training, is to discriminate between 
matters requiring minute exactness and 
those which can be treated more roughly, 
and to divide his effort accordingly. 
There is a great deal of floating unpub- 
lished knowledge about assaying which 
the professors and the text-book writers 
seem to be unconscious of. It is a pity, 
for it places the student at a disadvantage 
in the outset. If every assayer who has 
originated or learned new time-saving or 
labor-saving devices that are proved to 
work well in practice would make them 
known through the technical press or the 
transactions of the societies, eventually 
the schools and the books might get hold 
of them, and there would be less lost 
motion, 


INVESTORS in gold- and silver-mining 
property have a weakness for taking up 
too much territory,—z. ¢.,, more than can 
be well handled under one management. 
One claim of full size, 1500 feet long, is 
large enough to contain a big mine; and 
two continuous claims give as much ground 
as can be advantageously worked from a 
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single shaft sunk near their junction. One 
mine at a time is enough, and is worth any 
number of undeveloped prospects. It is 
also better policy to concentrate effort on 
the most promising ground, and not dis- 
sipate it by scratching about tentatively. 
Yet Eastern and foreign companies usually 
buya whole group of locations, and in their 
prospectuses and reports make a parade of 
owning so many distinct “mines.” There 
is, however, a very good reason why, in 
many situations, the owners of a valuable 
mine should wish toacquire title to all the 
adjacent claims; and that is for mere pro- 
tection against the uncertainties of litiga- 
tion under our dubious mining laws. 
Conflicts over titles are always to be ex- 
pected where a property is worth anything. 
To guard against them a certain extrava- 
gance in purchasing territory is warranted, 
and may be considered prudent. But this 
is something apart from mining policy 
proper. 


ACCORDING to the Colliery Guardian, 
English coal-miners work on the average 
only about 40 hours per week, the range 
being from 32.87 to 44.9 in different dis- 
tricts. This estimate is surprisingly low, 
lower in fact than those for any other 
European coal-mining country, or for the 
United States, where in the leading dis- 
tricts the weekly range is from 48 to 52 
hours. In the principal German coal-fields 
the average per week is 48 hours; in the 
Belgian collieries, 54 to 56; and in the 
principal French coal-fields, 50. When the 
British labor commission was in session 
last year, considerable antagonism to an 
eight-hour law was evinced by many of 
the coal-miners, who considered that, if 
such a limit were imposed, it would in- 
volve, if not as an express enactment, at 
any rate as an implied corollary, that 
they should not work less than eight hours 
daily. As in all similar cases, it seems to 
be impossible to fix by legislation any time 
limit which shall be satisfactory to all— 
still less to bring the several elements of 
length of working day, wages, occupation 
for the greatest number of men, output, 
consumption and price of product, into 
consistent harmony and reconcile them for 


the best of all concerned, by any artificial 
restrictions. The natural adjustment is 
the safest, and practically it always prevails 
in the long run. 


ComPouNnnD or bi-metallic plates of steel 
and copper are being made in Germany as 
a material for various utensils. Sheet steel 
is used, having a coating of sheet copper 
either on the inside or on both sides. 


A PLANT for the retreatment of copper 
tailings by the sulphuric-acid leaching pro- 
cess is to be established by the Arizona 
Copper Co., at Clifton, A. T., to work over 
the tailings from its concentrating mill. 
This process of extracting copper has been 
for a long time successfully employed, 
though on a small scale, at the Lyon mill, 
at Dayton, Nev., where the bluestone (cop- 
per sulphate) produced found a local mar- 
ket in the amalgamating mills of the Com- 
stock lode. 


By means of electric welding it is now 
possible to produce forged steel projectiles 
rapidly and economically. A hollow steel 
bloom is cast and rolled out to a thick- 
walled tube of the approximate size of the 
finished shell. This is cut into suitable 
lengths, and the head and base, formed in 
dies, are then welded on. Very little ma- 
chinery is necessary. A high-carbon steel 
head can be welded to a cheaper lower- 
grade material. These electric-welded 
shells are being made by the American Pro- 
jectile Co., at Lynn, Mass. 


THE cause of unusually rapid rusting of 
some rail-bedplates has been attributed to 
a high percentage of silica and sulphur in 
the original iron, from investigations re- 
cently made upon material supplied to the 
Austrian railways. 


THE total production of pig iron in 1892 
was 9,157,000 gross tons, against 8,279,870 
tons in 1891, and 9,202,703 tons in 18go. 
The production in 1892 was only 45,703 
tons less than in 1890, in which year our 
maximum production was attained. The 
production in the first half of 1892 was 
much larger than the last half. 
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MRC...Marine Review. w. $2. Cleveland, O. 
M Rec....The Marine Record. w. $2. Cleveland. 
MSP....Mining and Scientific Press. w. $3 per 
{ year. San Francisco, Cal. 
MSR....Mining and Scientific Review. w. $2 per 
year. Denver. 
NAR...North American Review. m. $5. N. 
) =. National Builder. m. $3. Chicago. 
NBD. .Northwestern Builder and Decorator. m, 
$2. Minneapolis. 
NC B...National Car Builder. m. 
NM Mechanic. m. Minne- 
Northwestern Architect. m. $3. Minne- 
OM.....Overland m. $3peryear. San 
ran 
OPDR..Oil, Paint and w. $6. N.Y 
Paving and Municipal $i 
per year. Indianapol 
Progressive Age. 3s-m. $3. New York. 
Painting and Decorating. m. $1. Phila. 
ie PE. .....Practical Electricity. f. $2 per year. Boston. 
PECP. of the Engineers’ Club. gq. 

i a. 

‘ P Era... Pharmaceutical Era. 8-m. $2. Detroit. 
Pacific Lumberman,Contractor, and Elec- 
trician. w. $3. San Francisco. 

5 AL.....The Architect. w. 26s. London. 

; AMS.. Australian Mining Standard. w. 30s. per 

: year, postpaid, Sydney, Australia. 

Bi BA... .The British Architect. w. 23s. 8d. London. 

Colliery Guardian. w. 278, 6d. per year, 
post-paid. London. 

| .Contemporary Review. m. $4.50 per year, 

New York. London 


CT J....Chemical Trade Journal. w. 


Engineers’ 


128. 6d. per 
year, post-paid. Manchester, Eng. 
Discovery. w. 88. 8d., post-paid. London. 
Bngineering. 368., post-paid. London. 
..Electrical Engineer. w. 178. 4d. per year, 
post-paid. London. 
Gazette. m. 4s8., post-paid. 

London. 


...Electricity. w. 68. 6d., post-paid. London. 
-Electrician. w. 248. post-paid. London. 


Engineer. w. 368., post-paid. London. 

Electrical Plant. m. 68. per year, post- 
paid. London. 

.Electrical Review. Ww. 218. 8d. per year, 

ost-paid. London. 


For nightly Review. m. $4.50 per year. 


ro 
.-Iron and Steel Trades’ Journal. 


..Gas World. w. 


New York. London. 


..Gas Engineers’ Magazine. m. 68. 6d. per 


year. ost-paid. Birmingham, Eng. 
138., post-paid. ‘London. 
n. w. 308. per yi year, post-paid. London. 
w. 258., 
post-paid. London. 
-Ilustrated Carpenter and Builder. w. 88. 
. per year, post-paid. London. 
Iron and Coal’ Trades’ Review. w. 308. 
4d., post-paid. London. 


Indian Engineering. w. 18 per year, 
postage extra. Calcutt 

I Eng....Indian Engineer. w. Rs. "15 per year, 
postage extra. Calcutta. 

eer Industries. w. 32s., post-paid. London. 

eee Invention, w. 288., post-paid. London. 

JGL....Journal of Gas Lighting. London. 

JSA.. ——- of the Society of Arts. w. Lon- 
on 

Knowledge. m. 68., post-paid. London. 

Machiner m. 98., post-paid. London. 

ngineer. m. 7. 6d. per year, 


ost-paid. London. 
ME&EJ. Manufacturers’ aes and Export 
Journal. m. London 
Min W..The Mining Werld. w. ota. 
M W.....MechanicalWorld. w. 88. 
aid ndon. 


post ex. London. 
. per year, post- 


naan Nature. w. $7, post-paid. London. 
P Eng...Practical Engineer. w. 108, per year, 
post-paid. London. 


Plumber and Decorator. m. 68. 6d., post- 
aid. London. 


Rev R...Review of Reviews. m. $2.50. New York. 
London. 

RN......Railway News. London 

RRL...The Railway Review. w. Lond 

Railway m. $3, post- aid, "London. 

m. "Leith. Scotland. 

SR......Sanita ecord. m. ‘London. 


7 Westminster Review. m. $4.50 per year. 
N.Y. London. 
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ICT.... 


ARCHITECTURE. 


10537. New Office Buildings in Chicago. 
Ill. N-Feb. 16.) 2400 w. 

10542. A Notable Concrete Building. Ill. 
(E N-Feb. 16 ) 700 w. 

10558. St. Louis Requirements for Slow 
Combustion Buildings (E R-Feb. 18.) 1400 w. 

*10683. Slate and Slate Quarrying. IIl. 
George H. Harris (S-Feb.) 2700 w. 

*10684. Tennessee Marble and the Con- 
gressional Library Building (S-Feb.) 2500 w. 

*10687. Stone and Its Uses H. F. Perry 
(S-Feb.) 2000 w. 

*ro711. Tests of Building Stones, Ill. (Can 
A-Feb.) 1800 w. 

*10730. Berlin. Ill. 
(Cos—March.) 6000 w. 

10757. The Saxon Church at Bradford-on- 
Avon. Ill. (A A-Feb. 18.) 2000 w. 

10759. The Caisson Foundations of the 
Manhattan Life Insurance Building.— Letters 
from Charles Sooysmith, and Kimball & Thomp- 
son (A A-Feb. 18.) 1250 w. 

10786. A Vicar’s Views of Church Restora- 
tion. T. Perkins (B A-Feb. 17.) 950 w. 

*1o810. The Value of Criticism. C. J. Tait 
(A L-Feb. 17.) 6000 w. 

*rto8i1. The Theory of Storiation in Art. 
Hugh Stannus (A L-Feb. 17.) 8000 w. 

10814. Town Gates in Southern Germany. 
Ill. (A A-Feb. 25.) 2200 w. 

1ro8r5. The March of Ancona. M. W. 
(A A-Feb. 25.) 1800 w. 

410853. High Buildings and Earthquakes. 
N. S. Shaler (N A R-March.) 3000 w. 


Friedrich Spielhagen 


10918. Glass Houses. Ill. (Am G-—Feb.) 
5000 w. 

*ro928. Whither Is Our Architecture Tend- 
ing? C. W. Hopkins (B & D-Feb.) 2600 w. 

10932. Decoration of Ceilings (C & B-March.) 
1700 w. 

10933. Safe Scaffolding. Ill. (C & B-March.) 
1700 w. 


10934. Designs in Slate Roofing. Ill. (C & B- 
March.) I10o w. 

10956. The Architect and His Materials. 
George P. Merrili (A A-March 4.) 2200 w. 


10958. Sketches of Italian Architects — 
Palladio. Arthur Gilman (A A-March 4.) 3000 
w. 

*tog99. The Windows in York Cathedral 


(A L-Feb. 24.) 1600 w. 


*r1000. Our Duty in Respect of Ancient 
Buildings. W. W. Robertson (A L-Feb. 24.) 
6500 w. 

Serials. 
2285. Construction. Ill. M. Viollet-le-Duc 


(A A-Began Feb. 20, 1892—19 parts to date—15 
cts. each), 


7121. Office-Help for Architects. George 


Hill (A A-Began Oct. 8—7 parts to date—15 
cts. each), 
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10290. Notes on the Use of Iron and Steel 
in Building Construction. J. W. Ashcroft (I- 
Began Jan. 27—Ended Feb. 1o—2 parts—30 
cts. each), 

10673. Architectural Terra Cotta (B B-Be- 
gan Jan.—1 part to date—30 cts). 

10682. The Chateaux of France. Ill. Louis 
H. Gibson (S-Began Feb.—1 part to date— 
30 Cts). 

10756. The Languedocian School of Archi- 
tecture. Ill. Anthyme Saint Paul (A A-Began 
Feb. 18—3 parts to date—15 cts. each). 

10960. ‘The Origin of Building. H. J. Wil- 
liams (A & B-Began March 4—1 part to date 
—I5 cts). 

CIVIL ENGINEERING. 


+10525. ‘‘ Overhead Reservoir.” 
Jan. 14.) 1600 w. 

10533. Anti-Freezing Soda-Mortar (E N~ 
Feb. 16.) 500 w. 

10534. Some Recent Examples of Monier 
Arch Construction. Il]. (E N-Feb. 16.) 700 w. 

10538. A 35-Ton Traveling Crane for Har- 
bor Work. Ill. (E N-Feb. 16.) 800 w. 

10539. Letting Highway Bridge Contracts. 
Editorial and Letters (E N-Feb. 16.) 4500 w. 


Ill. (I E- 


10608. The South Halsted Street Lift Bridge, 
Chicago. Ill. (R R-Feb. 18 ) 2700 w. 

*10636. Manchester Canal Financial Diffi- 
culties. Editorial (E-Feb. 10.) 1300 w. 

10651. The Panama and Nicaragua Canals. 


F. R. Brainard (Sc A-Feb.25.) 1800 w. 
*10674. Note on the Compressive Resistance 
of Brick (B B—Jan.) 500 w. 
1o691. The Actual Resistance of Bearing 
Piles (E N-Feb. 23.) 3000 w. : 
10692. Concrete Conduit in Tunnel of the 
Santa Aiia Valley Irrigation Co., Orange County, 
Cal. Ili. H. C. Kellogg (E N-Feb. 23.) 600 w. 


10707. A Controverted Question in Road 
Construction. James Owen (R G-Feb. 24.) 
2500 w. 

10710. The Nicaragua Canal. A. G. Men- 


ocal (R G-Feb. 24.) 3000 w. 


¢10717.. Panama: The Story of a Colossal 
Bubble. Ernest Lambert (F-March.) 5200 w. 


10750. The Corinth Canal. Editorial (E R- 
Feb. 25.) goo w. 
10751. A Method of Tunnel Alignment. 


H. F. Dunham (E R-Feb. 25.) 1800 w. 


+10775. Vizagapatam Harbor. G. E. Moore 
(I E-Jan. 21.) 1300 w. 

*10o781. River Severn Improvements (Eng 
L-Feb. 17.) 2000 w. 


¢10870. Vizagapatam Harbor. 
(I E-Jan. 28.) 2000 w. 


*10923. Paving Brick; Their Manufacture 
and Use, with Discussion. W. S. Williams (P-— 
March.) 3000 w. 


10938. The Restoration of the Cable Ends of 
the Covington and Cincinnati Suspension Bridge. 
Abstract of paper by G. Bouscaren (E R-March 
4.) 800 w. 


G. T. Walch 


See introductory. 
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10959. The Tower Bridge, London (A A- 
March 4.) 1800 w. 


11025. Reconstructing a Pittsburg Bridge 
<R G-March 3.) 700 w. 

*11033. Road Improvement in New York. 
tll. Roswell P. Flower (G R-Feb.) 1500 w. 

*11034. Good Roads and Schooi Attend- 
ance. Francis J. Cheney (G R-Feb.) 1000 w. 

*r1035. Wheel-Tires and Axles. How 
They Can Be Made to Keep the Road Smooth. 
Ill. William A. Sweet (G R-Feb.) 500 w. 

*r1053. The St. Clair Tunnel. Ill. (R W- 
Feb.) 2200 w. 

110go. The Construction and Maintenance of 
Hlowe Truss Bridges. Charles H. Nichols (E 
N-March g.) 1800 w. 

11091. An Interesting Example of False 
Work Construction. Ill. J. F. Jackson (E N- 
March g.) 1800 w. 

Serials. 


8671. MacAdam and Telford Roads. 
Isaac B. Potter (G R-Began Nov.—2 parts to 
date—30 cts. each), 

9523. Maintenance of Roads in France. 
Arthur Lagron (P-Began Jan.—3 parts to date 
—30 cts. each). 

10455. The Bridges of the Manchester 
Canal. Ill. (E-Began Feb. 3—2 parts to date 
—30 cts. each). 


10665. The Panama Canal. (I L-Began 
Feb. 10o—Ended Feb. 17—2 parts—30 cts. 
each), 

10780. Dredging. W. H. Wheeler (Eng L- 


Began Feb. 17—1 part to date—30 cts). 


11036. Staten Island Highways. III. (G R- 
Began Feb.—1 part to date—30 cts), 


ELECTRICAL MISCELLANY. 
10513. Edison’s New Art of Generating 


Electricity. Ill. (Sc A-Feb. 18.) 1ooo w. 
*ro528. Transformers and Sub-Stations. 
W. H. Trentham (E E L-Feb. 3.) 800 w. 
¢10552. Note on the Descriptive Strength of 
Dielectrics. Ill. Charles Proteus Steinmetz (T 
A [ E E-Feb.) 3600 w. 


*10616. Theory and Practice in Electrical 


Science. Alexander Siemens (El-Feb. 10.) 
goo w. 
*10637. The Practical Measurement of Al- 


ternating Electric Currents. J. A. Fleming (E- 
Feb. 10.) 1800 w. 

10660. A Simple System for Operating Elec- 
tric Clocks. Ill. R. G. Brown (E E N Y-Feb. 
22.) 500 w. 

10661. On Distribution of Potential. III. 
George P. Huhn (E E N Y-Feb. 22.) 400 w. 

10667. The Future Ohm, Ampere, and Volt. 
H., S. Carhart (Sc-Feb. 17.) 1200 w. 

10671. Shunt Motors. W. D. Weaver (E 
W-Feb. 25.) 1600 w. 

10700. MacLeod’s Improvements in Accum- 
ulators. Ill. (W E-Feb. 25.) 600 w. 

10701. Experiments with Electric Waves 
(W E-Feb. 25.) goo w. 


We supply 


copies of these articles, 


10761. Nikola Tesla(B J C—Feb. 25.) 1000 w. 

*10769. Giraud’s Thermo-Electric Stove. 
Ill. (E L-Feb. 17.) 500 w. 

*10794. The Magnetic Properties of Sub- 
stances at Various Temperatures. Ill. P. Curie 
(El-Feb. 17.) 200 w. 

*ro807. The Practical Measurement of Al- 
ternating Electric Currents. Ill. J. A. Flem- 
ing (E-Feb. 17.) 1500 w. 

*r0808. The Development and Transmission 
of Power from Central Stations. Prof. Unwin 
(E-Feb. 17.) 4800 w. 

10816. Electric Power from Niagara Falls. 
Prof. George Forbes Talks Interestingly. J. A. 
M.(E RN Y-Feb. 25.) 2200 w. 


10820. One Year of 
by the ‘‘ Electrical Review” During the Past 
Year. Ill. (E R N Y-Feb. 25.) 10,000 w. 

10821. The Place of Electricity in the Mod- 
ern Office Building (E R N Y-Feb. 25.) r200w. 

*10830. Novel Effects of the Electric Dis- 
charge. Lord Armstrong (E R L-Feb. 17.) 
3200 w. 

10836. The Works of the Eddy Electric 
Manufacturing Company at Windsor, Conn. 
Ill. (E R N Y-March 4.) 1800 w. 

10837. Is the Steam Locomotive an Electric 
Generator ? (E R N Y—March 4.) 600 w. 

10843. Conductors and Insulators. Regi- 
nald Kk, Fessenden (E W-March 4.) 2000 w. 

10845. The Application of the Electric Mo- 
tor in Commercial Industries. Ill. (E W-March 
4.) 800 w. 

10847. Growth of American Electrical In- 
dustries (E W-March 4.) 400 w. 

10862. A Wire Gage Chart for Determining 
the Ampere Turns on Shunt Magnets. IIl. 
William R. C. Corson (E E N Y-March 1.) 
750 w. 

10863. The Scott-Sisling System for Accum- 
ulator Installations. Ill. W. B. Sisling (E E 
N Y-March 1.) 300 w. 

10885. Storage Batteries in Practice. 
Pumpelly (S E-Feb. 25.) 2000 w. 

10943. Storage Batteries, Secondary Cells, 
or Accumulators. W. B. Shaw (C E N-March.) 
1800 w. 


10954. The Effect of Short Circuits on Dyna- 
mos (P S-March.) 1500 w. 

1og61. Poles. Ill. G. A. Wall (S R N- 
March 4.) 1900 w. 

*ro981. The Development and Transmission 
of Power from Central Stations. W. C. Unwin 
(El-Feb. 24.) 4500 w. 


*togg2. Lord Kelvin’s New Engine-Room 
Watt- Meter (E E L-Feb. 24.) 500 w. 


*10994. How to Design a Small Motor. Ill. 
E. Meylan (E E L-Feb. 24.) 3000 w. 

*to996. Ships’ Electrical Fittings for Light- 
ing, Signalling, Telegraphing, and for Motive 
Power. Ill. L. Newitt (E E L-Feb. 24.) 
3600 w. 


*10998. Moissau’s Electric Furnace (E E L- 
Feb. 24.) 1000 w. 


J.R. 


See introductory. 
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*r1016. The Personnel of the Business Side 
of Electrical St. Louis. Ill. (E I-March.) 
2800 w. 


*r1018. Power Transmission by Electric 
Motors in the Fraser and Chalmers’ Plant. III. 
{E I-March.) 1000 w. 


11045. Wrought [ron vs. Cast Iron for Field 
Magnet Frames. A. D. Adams (E A-March 
4.) 600 w. 

*r1052. Heating in Voltaic Cells. Ill. T. H. 
Muras (E R L-Feb. 24.) 450 w. 

11063. Remarks Concerning Power Trans- 
mission from the Economic Standpoint. L. B. 
Stillwell (E E N Y-March 8.) 1800 w. 

11064. Long Distance Transmission of 
Power. Charles S. Bradley (E E N Y-March 8.) 
1200 w. 

11066. Power Transmission for Central Sta- 
tions. Louis Bell (E E N Y-March 8.) 2700 w. 

11077. An Induction Coil for Alternating 
Currents. Ill. R. W. Wood (Sc A-March 11.) 
1800 w. 

11080. Electrical Transmission (M N-March 
I.) 450 w. 


Serials, 


2784. Insulated Electric Conductors, III. 
James Bowstead Williams (E E N Y-Began 
March 16, 1892—Ig parts to date—I5 cts. each). 

5543. Light and Power Stations. Robb 
Mackie (E R N Y-Began July 23—14 parts to 
date—15 cts. each). 

9374. Laminated or Divided Iron and Other 
Metallic Masses in Electromagnetic Apparatus, 
Thomas D. Lockwood (E E N Y-Began Jan. 
4—Ended Feb. 22—8 parts—15 cts. each). 


9771. What Is Electricity? S. F. Walker 
{E E L-Began Jan. 6—3 parts to date—30 cts. 
each), 


10147. William Wallace and his Contribu- 
tions to the Electrical Industries. Ill. W. J. 
Hammer (EF E N Y-Began Feb, 1—Ended Feb. 
22—4 parts—15 cts. each). 

10170. Electrical Oscillations of High Fre- 
quency. Ill. Erwin S. Ferry (E W-Began 
Feb. 4—3 parts to date—r5 cts. each). 


10325. The Electrical side of St. Louis. IIl. 
(E W-Began Feb. 11—4 parts to date—15 cts. 
each). 

10600. Electrical Measurements. Ill. George 
D. Shepardson (S R R-Began Feb.—1 part to 
date—30 cts). 

10615. On the Determination of the Insula- 
tion Resistance and of Faults in Electrical Plants 
During the Working. Ill, O. Froelich (El- 
Began Feb. to—Ended Feb, 24—3 parts—30 
<ts. each), 


10659. Influence of Frequency in the Work- 
ing of Alternate Current Transformers. III. 
Charles Steinmetz (E E N Y-Began Feb. 22— 
2 parts to date—I5 cts. each). 


10995. On Testing and Working Alternators. 
W. M. Morley (E E L-Began Feb. 24—1 part 
to date—30 cts). 


11046. Some Experiences with the Alter- 
nating System. R. H. Sterling (E A-Began 
March 4—1 part to date--15 cts). 


ELECTRIC LIGHTING. 


¢10551. Discussion of Caryl D. Haskin’s 
aper on ‘Electrical Recording Meters” 
(T AI E E-Feb.) 5400 w. 

+10553. The Most Economical Age of In- 
candescent Lamps. Carl Hering (T AI E E- 
Feb.) 3000 w. 

10662. Incandescent Lemp Litigation.—The 
Goebel Claims Rejected (E E N Y-Feb. 22.) 
7500 w. 

10666. Edison Lamp Patent Stands.—Judge 
Colt’s Decision in the Beacon Company’s Case 
(E N Y-Feb. 22.) 2500 w. 

10672. Handy Wiring Tables (S E-Feb. 18.) 
300 w. 

*10739. The Johnstone System of Electrical 
Underground Conduits, Ill. (I-Feb. 17.) 
1500 w. 

*10793. Concentric Wiring. Sam Mavor 
(El-Feb. 17.) 1700 w. 

10817. The Largest Arc Light Plant in the 
World.—The Municipal Electric Lighting and 
Power Company of St. Louis. Ill. (E R N Y- 
Feb. 25.) 2200 w. 

10818. Edison Again.—Judge Colt Grants 
Another Injunction(E R N Y-Feb 25.)8000w. 

10823. The Durability of Underground 
Wires. Herbert Laws Webb(E R N Y-Feb. 25.) 
1000 w. 

*10829. Installation for Electric Light and 
Power at Benatek, Bohemia (E R L-Feb. 17.) 
1500 w. 

10838. Rules for Electric Light Work 
Adopted at St. Louis (E R N Y-March 4.) 
6000 w. 


10858. An Historic Fdison Plant. S. S. 
‘*Columbia.” Ill. (E E N Y-March 1.) 700 w. 

10859. Electric Lighting in Churches :—St. 
Francis Xavier’s, New York. Ill. John McGhie 
(E E N Y-March 1.) goo w. 

10872. Glowing of Disconnected Incandes- 
cent Lamps. Ill. N.S. Amstutz (E N Y-March 
1.) 600 w. 

10874. A Model Lighting Station —The 
Brooklyn Edison Illuminating Company’s New 
Plant on Gwinnett Street. Ill. (E N Y-March 
I.) 2600 w. 

10884. Steam and Lighting Plant of the 
Masonic Temple Building, Chicago. Ill. (S E- 
Feb. 25.) 1200 w. 

*to980. Latitude and the Load-Factor. Ill. 
E. Tremlett Carter (El-Feb. 24.) 1100 w. 

*10986. Indirect Lighting (G W-Feb. 25.) 
1600 w. 

*roggo. Electricity at the Theatres. III. 
(E E L-Feb. 24.) 1100 w. 

*10993. Pioneer Electric Lighting in South 
America (E E L-Feb. 24.) goo w. 

*10997. Electric Light at the Brussels Post 
Office (E E L-Feb. 24.) 1100 w. , 


We supply copies of these articles. See introductory. 
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*r1015. The Stations of Electric Light Com- 
panies of St. Louis. Ill. (E 1-March.) 2000 w. 

11019. Dangers fiom Gas in Flectrically 
Lighted Cities. Ill. M. P. Jousselin (W E- 
March 4.) 5000 w. 

11044. Relation of Insurance to Electric 
Lighting and Power. William Brophy (E A- 
March 4.) 1600 w. 

11065. ‘The Incandescent Lamp from a Com- 
mercial Standpoint. Calvert Townley (E E N 
Y-March 8.) 1800 w. 

11067. Underground Conduits and Conduc- 
tors and the Experiences of Electric Lighting 
Companies of New York City. William H. 
Brown (E E N Y-March 8.) 1800 w. 

11068. Thermal Storage for Central Stations. 
George Forbes (E E N Y-March 8.) 1500 w. 

11069. President Ayer’s Address (E E N Y- 
March 8.) 2000 w. 

11070. The Tesla Lecture in St. 
(E E N Y-March 8.) 2000 w. 

11096. Panel Distribution Board. Ill. (E R 
N Y-March 11.) 600 w. 


Louis 


Serials. 


6709. Electric Light and Power. Ill. Arthur 
F. Guy (E E L-Began Sept. g—16 parts to date 
—30 cts. each). 

953t. Suggestions for Metering Devices. 
lili. S D. Mott (E W-Began Jan, 14—4 parts 
to date—15§ cts. each). 

ggo6. Electric Light and Gas. Ed. C. de 
Segundo (E R L-Began Jan. 13—3 parts to 
date-—30 cts. each). 

10403. Evolution of Electric Lighting. W. 
H. Wakeman (M G-Began Feb, 11—Ended 
Feb. 18—2 parts--15 cts. each), 

10844. The Design of a Central Station for 
Incandescent Electric Lights. KE. P. Roberts 
(E W-Began March 4--1 part to date—15 cts). 


GAS ENGINEERING. 
*10545. Experimenting with a View to the 


Development of Gasholder Construction. E. L. 
P. (J G L-Feb., 7.) 1000 w. 


10578. The Fitch Process. Ill. (P A-Feb. 
15.) 800 w. 
10650. New Method of Gas Supply for New 


York City (Sc A-Feb. 25.) 1000 w. 

10748. Experiments on Removing Sulphur 
from Purified Gas,--with Discussion. Mr. 
Goodno (A G L J-Feb. 27.) 2800 w. 

10749. Reports with Discussion. 
Bush (A G L J-Feb. 27.) 3000 w. 

*ro800. Inaugural Address of C, C. Carpen- 
ter (G W-Feb. 18.) 6500 w. 

*10824. Cooking-Gas at Copenhagen (J G L 
—Feb. 14.) 1600 w. 

*ro825. The Use of Air for the Purification 
of Gas. Norton H. Humphreys (J G L-Feb. 
14.) 2100 w. 

10865. The Gas Engine (Sc A S-March 4.) 
700 w. 


Robert N. 


We supply copies of these articles. 


10929. Effects of the Trolley System on Gas 
and Water Pipes, with Discussion. H. A. Al- 
lyn (A G L J—March 6.) 5400 w. 

10930. Recording Pressures on Mains and 
Services, with Discussion. S. J. Fowler (AG 
J-March 6.) 5600 w. 


10931. The New Plant of the Altoona (Pa.) 
Gas Company. T. W. Cole (A G L J-March 
6.) 1500 w. 

*10987. A Look into the Distribution De- 
partment. Paulos Thieman (G W-Feb. 25.) 
5400 w. 

HYDRAULICS. 
+10523. Mr. Doig’s Report on the Shone 


System at Rangoon. Xen (I E-Jan. 14.) 550 w. 

410524. Sanitary Engineering in India. 
Pump (I E-Jan. 14.) 500 w. 

10541. Reduction of Water Consumption 
by Meters (E N-Feb. 16.) 1700 w. 

*10544. Presidential Address of W. A. Valon 
(J G L-Feb. 7.) 7500 w. 

10548. New England Water Power (P M- 
Feb. 16.) 800 w. 

410583. Artesian Watersin the Arid Region. 
Ill. Robert T. Hill (P S M-March.) 4300 w. 

*10633. Discussion of William Matthews’ 
paper—‘* Description of the Pumping Engines 
and Water Softening Machinery at the South- 
ampton Water Works” (E-Feb. 10.) 5000 w. 

*10654. The Jet Water Wheel. C. R. Tomp- 
kins (Am M-Jan. 1.) 1000 w. 

10729. Niagara Must Go to Work (P M- 
Feb. 23.) goo w. 

10752. The Formation of Sand Filters, Ill. 
(E R-Feb. 25.) 2000 w. 

*10785. Joseph Moore’s Patent Hydraulic 
Pumping Arrangement (C G-—Feb. 17.) 2000 w. 

*10806. Water Power of the Periyar River 
(E-Feb. 17.) goo w. 

10877. Niagara Falls in Harness (P A-March 
I.) 2000 w. 

10897. The Discharge of the Niagara River. 
Ill, (& N-March 2.) 3400 w. 

*togo6. The Dam and Power at Holyoke, 
Mass. Ill. (R M-Feb.) 1200 w. 

10969. The Irrigation Question from a Bo- 
tanical Standpoint. Frederick Vernon Coville 
(E M J-March 4.) 1000 w. 

11072. Hydraulic Reaction Motors,--Ab- 
stract of paper by De Volscn Wood (A M- 
March g.) 1300 w. 

11074. The Hydro-Electric Distribution of 
Power and Electric Energy. Ill. E. Hospita- 
lier (Sc A S-March 11.) 1700 w. 

11088. A Water Filtration Plant at Leeu- 
warden, Holland. Ill. (E N-March g.) goo w. 


Serials. 

9998. American Turbine Water-Wheels. II]. 
Samuel Webber (Ir Age-Began Jan. 26—Ended 
March 2--5 parts—15 cts. each). 

10988. Water-Power Utilization. Ill. W. 
H. Booth (E L-Began Feb. 24—1 part to date— 
30 cts). 


See introductory. 
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INDUSTR'AL CHEMISTRY. 


*10627. The Distillation of Coal. Pierre 
Mahler (C G-Feb. 10.) 350 w. 

*10744. ‘The Manufacture of Nitric Acid 
{1 L-Feb. 17.) 1800 w. 

*10827 Note onthe Purification of Mercury. 
Ill M. W. Jaeger (E R L-Feb. 17.) 800 w. 

411057. The Effect of Decomposing Matter 
on Natural Phosphates. N. T. Lupton (J A 
C $-Dec.) 1600 w. 

11062. Carborundum :—Its Manufacture and 
Use. Ill. E.G. Acheson (E E N Y-March 
3.) 2000 w. 


Serials. 


11049. The Applications of Ozone (E R L- 
Began Feb. 24—1 part to date—3o cts). 


INDUSTRIAL SOCIOLOGY. 


*ros00. The Industrial Problem in Aus- 
tralia. Ill, Edmund Mitchell (E Mag—April.) 
3000 w. 

*10503. Fallacies and Facts as to Immigra- 
tion. John B, Weber (& Mag-April.) 3000 w. 

*10504. The Dearness of ‘* Cheap” Labor. 
David F. Schloss (E Mag-—April.) 3000 w. 

10579. Wages. Editorial (A M M-Feb.) 
1000 w. 

¢10580. The Taxation of Ground Rents. J. 
Powell Williams (N C-Feb.) 7300 w. 

*10635. The Liability of Employers for Ac- 
cidents to Workmen. Editorial (E-Feb. 10.) 
1500 w. 

*10688. Strikes, Their Effects and Remedies. 
J. H. Peter (S-Feb.) 1300 w. 

*10689. National Organization of (uarry- 
men. Sylvester Marshall (S-Feb.) 2000 w. 

¢10718. A New Era for the United States. 
George W. Medley (F-March.) 3000 w. 

+10721. The Condition of Wage-Earning 
Women. Clare de Graffenreid (F-March.) 6800 
w. 

10723. Direct Trade and Agriculture. I. 
W. Avery (M R-Feb. 24.) 1300 w. 

*10875. Where Do Wages Come From? (J 
G L-Feb. 21.) 2000 w. 

*10983. The Forty-Eight Hour Week. Ed- 
ditorial (Eng L-Feb. 24.) 2000 w. 

11089. The Development of Technical Soci- 
eties. John Birkinbine (E N-March g.)1400 w. 


Serials. 
11056. The Social Quagmire and the Way 


Outof It. Alfred K. Wallace (A-Began March 
—1 part to date—45 cts). 


LANDSCAPE ENGINEERING. 


10917. Villa-Garden Landscapes. James 
MacPherson (Am G-Feb.) 1000 w. 

10945. Grasses for Lawns. C. L. Allen 
(Am A-March.) 600 w. 


CURRENT TECHNICAL LITERATURE. 


We supply copies of these articles. See introductory. 


MARINE ENGINEERING. 


10517. To Encourage American Shipbuild- 
ing (B I S-Feb. 15.) 800 w. 

10554. Direct Foreign Trade for the South. 
H. B. Crosby (M R-Feb. 17.) 1200 w. 

10586. Steamship Manitou, Lake Michigan 
and Lake Superior Transportation Co. Ill. (M 
RC Feb. 16.) 2200 w. 

*10634. Thornycroft’s Screw Turbine Pro- 
peller. Ill. (E-Feb. 10 ) 1000 w. 

*10686. Decadence of American Shipping. 
Alexander H. Smith (S—Feb.) 1400 w. 

*10731. The Abysmal Depths cf the Sea. 
Ill. J. Carter Beard (Cus—-March.) 2200 w. 

*10735. The British Navy. Ill. S. Eardley- 
Wilmot (Cos-March.) 4800 w. 

10771. Seaboard Accommodates Secretary 
Foster. Alexander R. Smith (Sea-Feb. 23.) 
1500 w. 

10772. TheAmerican Line. II]. (Sea-Feb. 
23.) 1800 w. 

10864. The Monterey. Ill. (Sc A S-March 
4.) goo w. 

10866. American Ocean Commerce. Edito- 
rial (Se A-March 4.) 1000 w. 

10869. Raising the Flag on the Steamship 
New York. Ill. (Se A-March 4.) 1200 w. 

10894. Our First Battle-Ship—The Indiana. 
Ill. (Sea-March 2.) 550 w. 

10895. Successful Preliminary Trial of the 
Steamship Howard Cassard (Sea-March 2.) 1100 
w. 

10926. F. W. Wheeler’s No. 100.—A Great 
Shipping Kecord. II]. (M R C-March 2.) 
1800 w. 

*10970. Chicnecto Ship Railway.—History 
and Manner of the Transportation of Ships (K 
A E J-March.) 1800 w. 

*10984. The Protection of English Com- 
merce. Editorial (Eng L-Feb. 24.) 1200 w. 

11020. The Bernstein Sculling Propeller. 
Ill. (AmS-March 2.) 800 w. 

*11042. The Coaling of Ocean Steamers 
(C G-Feb. 24.) 1500 w. 

11073. The German Dispatch Boat ‘* Hohen- 
zollern.”” Ill. (Sc A S-March 11.) 850 w. 

11076. The Coming Naval Review. Edi- 
torial (Sc A-March 11.) 650 w. 

11078. United States Steamship Iowa.” 
Ill. (Se A-March 11.) 700 w. 

11079. An Automatic Wave Subduer. IIl. 
(M N-March 1.) 650 w. 


Serials. 


10888. Marine Propulsion. Ill. I. McKim 
Chase (A M-Began March 2—1 part to date— 
15 cts). 

10893. American Marine. William W. 
Bates (Sea-Began March 2—2 parts to date— 
15 cts. each). 


MECHANICAL ENGINEERING. 


*10567. The Durability of Wire Ropes. IIl. 
M. Jacob (C E-Feb.) 2700 w. 
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CURRENT TECHNICAL LITERATURE. 


*10574. A Test of Viscosimeters. G. F. 
Wagner and kh. &. Miller (S J E-Feb.) 1400 w. 

10653. Conical vs. Cylindric Cam Boilers. 
Ss. W. Robinson (A M-Feb. 23.) 700 w. 

10668. Proper Use of Terms. Carl Hering 
(E W-Feb. 25.) 1000 w. 

10676. The Sellers go-Ton Dock Crane. Ill. 
(Ir Age-Feb, 23.) 1000 w. 

*10747. A Novel Cycle Boat —Zimer'’s Pat- 
ent. Ill. (Inv-Feb. 18.) goo w. 

10770. The Serrell Improved Derrick. 
(A M & I W-Feb. 24.) 1200 w. 

*10803. The Dredge-Steward Omniteleme- 
ter. Ill) (E-Feb. 17.) 1200 w. 

10834. Superintendence. B. F. Spalding 
(A S-Feb. 25.) 2000 w. 

10887. Rotary Protractor for Circular and 
Band Saws. Ill. John M. Richardson (A M- 
March 2.) 2100 w. 

10889. Cylindrical vs. Conical Cam Rollers. 
Oberlin Smith (A M-—March 2.) 500 w. 

10898. The Price Current Meter. 
N-March 2.) goo w. 

10902. Concerning Rivet Values. Ill. Fried- 
rich Edler von Emperger (E N-March 2.) 
w. 

11031. Danger in the Grind-Stone (M & B- 
Feb.) 600 w. 

11075. The Casting of a Large Steam Cylin- 
der. Iil. (Sc A-March 11.) 700 w. 

11084. A Weldless Chain, III. 
March g.) 2100 w. 


Ill. 


Ill. (E 


(I T R- 


Serials. 


7865. Notes on Rope Driving. Ill. M. E. 
(A M-Began Nov. 10—3 parts to date—I5 cts. 
each). 

8318. Principles, Possibilities, Curiosities, 
and Limitations of the Crank Motion. Leices- 
ter Allen (Eng-Began Nov. 26—Ended Feb. 
18—6 parts—I5 cts. each). 

11039. Helico Centrifugal Ventilator. Ill. 
M. Rateau (C G-Began Feb, 24—1 part to date 
—30 cts). 

11¢82. Belts—The Influence of Speed—Di- 
mensions of Pulleys. Charles A. Hague (E A- 
Began March 11—1 part to date—1I5 cts). 


METALLURGY. 


*i0569. Going into Blast with a Coke Fur- 
nace. J. S. Kennedy (C E-Feb.) 4000 w. 
*10625. The Durham Coke Trade (C G- 
Feb. 10.) 1000 w. 
*10629. Soldering Aluminum (I-Feb. 10.) 
w 


*10631. ‘‘ Metallurgical Errors.” J. E. 
Stead (I-Feb. 10.) 1900 w. 


10640. 
18.) 700 w. 

*10644. New South Wales Coke. 
T. Pittman (A M S-Jan. 7.) 2500 w. 

10679. Lamination in Metal (Ir Age-Feb. 
23.) goo w. 


The Bates Steel Process (A S-Feb. 


Edward 


We supply copies of these 


10712, The Production of the Precious Met- 
als in 18g2—Director of the Mint’s Report (E 
M J-Feb. 25.) 1000 w. 


10713. Use of Producer Gas for Drying and 
Roasting Ore at the Lixiviation Mill of the Hol- 
den Smelting and Milling Company, Aspen, 
Colo. Willard S, Morse (E M J-Feb. 25.) 
550 w. 

*t0741. Some Remarks on Ore Imports from 
Spain in 1892. Walter J. May (I-Feb. 17.) 
1000 w. 

*10778. The Bates’ Process—Letters from 
Vulcan and H. Augustus Guy (I & S-Feb. 18.) 
goo w. 

*10779. The Swedish Iron Industry (I & S- 
Feb. 18.) 1600 w. 

*10788. Ferro-Metallic Compounds (C G- 
Feb. 17.) 1800 w. 

10832. The Effect of Cold on Iron and Stee! 
(R R-Feb. 25.) 500 w. 

10880, The Greene-Wahl Process of Manu- 
facturing Manganese and Alloys of Manganese 
Free from Carbon. F. Lynwood Garrison (Ir 
Age- March 2.) 2300 w. 

10881. Titaniferous Ores in the Blast Fur- 
nace. Auguste J. Rossi (Ir Age-March 2.) 
2100 w. 

10883. A Visit tothe Property and Plants of 
the Canada Iron Furnace Company (Ir Age- 
March 2.) 6000 w. 

10890. Wanted a Wire Gage. 
Smith (A M-March 2.) 1100 w. 

10966. The Future of Platinum. Editoriai 
(E M J-March 4.) goo w. 

*10975. Description of a 28-Inch Steel Mill, 
with Shears and Subsidiary Plant for the New 
British Iron Company, Limited, Birmingham. 
Jeremiah Head (I-Feb. 24.) 2200 w. 

*10976. Chinese Metallurgical Undertakings. 
C. T. Gardner (I-Feb. 24.) 1400 w. 

*10977._ Ingot Molds. James Riley (I-Feb. 
24.) 1200 w. 

*10985. Coal and Coke Conveyors for Re- 
tort Houses and Coal Stoves. Ill. (Eng L-Feb. 
24.) 1500 words. 

10989. The Lead Ore Problem. 
(M I T-March 2.) 1100 w. 

*y1038. Low Grade Surface Hematite Ores 
and Their Treatment. Walter J. May (C G- 
Feb. 24 ) 1500 w. 

*r1050. Palladium Plating (E R L-Feb. 
24.) goo w. 
¢11058. 
Pyrrhotite. 

1500 w. 

11083. Pig Iron Possibilities of Marquette. 

Richard A. Parker (I T R-March g.) 2500 w. 


Oberlin 


Editoria’ 


The Constitution of Nickeliferous 
H. S. Emmens (J A C S-Dec.) 


Serials. 


9459. The Manufacture of Coke. John Ful- 
ton (C E-Began Jan.—2 parts to date-—3o cts. 
each). 

10266. Castings. S. Bolland (F D-Began 
Dec.—z2 parts to date—15 cts. each). 


articles. See introductory 
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10275. The Analysis of Iron and Steel. J. 
Parry and J. J. Morgan (I L-Began Jan. 27— 
3 parts to date—3o cts. each). 

10410. Development of the Coke Industry 
by Utilization of By-Products. B. Leistikow 
(A M & I W-Began Feb. to—Ended Feb. 17— 
2 parts—I5§ cts. each). 

10630. Engineer’s Tests for Iron, Consid- 
ered from an Ironmaster’s Point of View. 
Thomas Morris (I-Began Feb. 10—Ended Feb. 
17—2 parts—3o cts. each). 

10892. Some Points in Silver-Milling by 
Amalgamation. C. H. Aaron (MS P-Began 
Feb. 25—2 parts to date—15 cts. each). 

J The Resistance of Metal to Shear. 

H. V. Loss (R A E J-Began March—1 
to date—30 cts). 
MILITARY ENGINEERING. 

10514. The Fontainebleau Proving Grounds. 
Ill. (Sec A-Feb. 18.) 2000 w. 

¢10550. The Uselessness of Gibraltar. W. 
Laird Clowes (F R-Feb.) 4000 w. 

*10585. The Navy of the United States. H. 
W. Raymond (Ch-March) 3000 w. 

*10619. Cordite. Editorial (Eng L-Feb. 
10.) 1000 w. 

10648. An Important Report upon Our New 
Navy, by Chairman Herbert (B I S-Feb. 22 ) 
1000 w. 

10678. The New Armor Specifications (Ir 
Age-Feb. 23.) 3000 w. 

410716. Hawaii and Our Future Sea Power. 
A. T. Mahan (F-March.) 4800 w. 

411059. The Army Organization Best 
Adapted to a Republican Form of Government, 
Which Will Ensure an Effective Force. Sydney 
E. Stuart (J M S I-March.) 18,900 w. 

¢11060. Telegraphin War. Jas. A. Swift 
(J M S I-March.) 3200 w. 

11081. Gun and Shell Making. James 
Eastus Price (M N-March 1.) 1500 w. 

Serials. 

8241. Assault and Battery. Ill. A. Ew- 
bank (I E-Began Oct. 22—12 parts to date— 
45 cts. each). 

9347. Notes of Lectures on Artillery in 
Coast Defense. A. C. Hansard (J M S I-Be- 
gan Jan —2 parts to date-—45 cts. each). 

10738. The Development of American Ar- 
mor-Plate. Ill. F. Lynwood Garrison (M- 
Began Feb. 15—1 part to date—30 cts). 

10957. Chinese Curios. Consul Bedloe (A 
A-Began March 4-- I part to date—15 cts). 

MINING. 

10516. Dakota Tin Mines. Wilder Grahame 
(Min-Jan.) 1400 w. 

10531. Spanish-American and Other Cuban 
Iron Mines. Ill. S. P. Ely (I T R-Feb. 16.) 
3500 w. 

10532. Wire Rope Tramway at the San Juan 
Mines. Ill. (E N-Feb. 16.) 800 w. 

10556. Report of Inspector of Mines in 
West Virginia (M R-Feb. 17.) 600 w. 


We supply copies of these articles. 


CURRENT TECHNICAL LITERATURE. 9 


10560. Lead and Zinc Mines in the South. 
Ill. (T-Feb. 15.) 300 w. 

10561. A Brief Golden Dream. Dan De 
Quille (E M J-Feb. 18.) 1000 w. 

10562. Lead and Zinc Mining Industry of 
Missouri and Kansas in1892. J. R. Holibough 
(EM J-Feb. 18.) 1100 w. 

10563. The Mines of Sierra Mojada, Mexico. 
Eugene O. Fechet (E M J-Feb. 18.) 2500 w. 

10364. Graduatesof Mining Schools. Samuel 
B. Christy (E M J-Feb. 18.) 1goo w. 

10565. The Persistence of Ores in Lodes in 
Depth.—The Empire Lode. H. M. Beadle 
(E M J-Feb. 18.) 300 w. 

*10566. The Economic Geology of Tin. Il. 
H. A. Wheeler (C E-Feb.) 1200 w. 

*10571. The Best Types of Safety Lamps 
for Gas Testing Purposes. Ill. Alexander Dick 
(C E-Feb.) 800 w. 

*10572. On Metal Mining. Ill. M. C. 
Ihlseng (C E-Feb.) 1000 w. 

*10573. On Mining Machinery.—Hoisting 
Engines. F. W. Ewald (C E-Feb.) 1200 w. 

10605. The Comstock Lode a Devourer of 
Forests. Ill. Dan De Quille (M I T-Feb. 16.) 
1g00 w. 

*10624. Some Remarks on Wasted Coal. 
Walter J. May (C G-Feb. 10.) 1500 w. 

*10642. The Mount Stewart Lead and Silver 
Mine (A M S-Jan. 7.) 1200 w. 

*10643. Gold in Borneo.—A Field for En- 
terprise (A M S-Jan. 7.) 1500 w. 

*10646. The White Cliffs Opal Field. 
(N.S. W.) John B. Jaquet (A M S-Jan. 21.) 
2500 w. 

10675. Where the Columbia River Gold 
Comes From. H. S. Back (M S P-Feb. 18.) 
1000 w. 

10714. The Gold Mining Industry of Nova 
Scotia in 1892 (E M J-Feb. 25.) 500 w. 

10715. A Method of Transferring Surface 
Alignment Underground. Ill. L. Kuhn (E M J- 
Feb. 25.) 500 w. 

+10720. The Cost of Silver and the Profits 
of Mining. J. D Hague (F-March.) 3700 w- 

10725. Phosphate Developments About Fort 
Meade. Nodule (M R-Feb. 24.) 1000 w. 

*10743. The Coal Trade Crisis in South 
Wales. Editorial (I L-Feb. 17.) 1300 w. 

*10783. Mexico an Iron Producing Country. 
Editorial (I C T-Feb. 17.) 1200 w. 

*10787. The Syndicating of the Coal Indus- 
try (C G-Feb. 17.) 2000 w. 

*10789. The Carmaux-Albi Coalfield, France. 
Jules Laromiguicre (C G-Feb. 17.) 2000 w. 

*10797. On the Detection and Estimation of 
Small Proportions of Fire-Damp, Petroleum 
Vapor, and Other Inflammable Gas or Vapor in 
the Air. Ill. Frank Clowes (J S A-Feb. 17.) 
10,000 w. 

10882, The Biwabik Mine. U. V. Winchell 
and John T. Jones (Ir Age—March 2.) 400 w. 

1oSg1. Mineral Wealth of Eastern Oregon. 

D. E. Cummins (M S P-Feb. 25.) 1250 w. 


See introductory. 
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10907. Copper Mining in the South. IIl. 
James G. Parks (T-March 1.) 2000 w. 

10908. Iron Deposits in Texas. 
Singletary (T-March 1.) 750 w. 

10924. Tin in the Malay Peninsula.—Report 
of Consul Wildman (A M & I W-March 3.) 2100 
w. 

10967. Geological Occurrence of the Broken 
Hill Ore Deposits. Ill, E. F. Pittman (E M J- 
March 4.) 800 w. 

10968. The Relation Between Ore Deposits 
and Their Inclosing Walls. Harold W. Fair- 
banks (E M J-March 4.) 1600 w. 

11012. The Coal and {ron Resources of 
Texas. W.S. A. (M R-March 3.) 1200 w. 

*t1040. Mining Labor in the United States 
(C G-Feb. 24.) 1500 w. 

*r1041. Spontaneous Combustion in Coal 
Mines. Arnold Lupton (C G-Feb., 24.) 2500 w. 

11097. An Abnormal Borax Deposit. IH. 
(M S P-March 4.) 400 w. 


Serials. 


W. J. 


10232. The Present Status of Natural Gas in 
Ohio. Edward Orton (A M & I W-Began Feb. 
3—Ended Feb. 17—3 parts—15 cts. each). 

10584. Scientific Phases of Mining. Albert 
Williams, Jr. (Ch-Began March—1 part to date 
—30 cts). 

10623. General Theory of Turbo-Engines, 
with Special Reference to Mine Ventilators. M. 
Rateau (C G-Began Feb. to—2 parts to date— 
30 cts. each), 

10645. Croydon (U. Q.) (A M S-Began Jan. 
14—2 parts to date—30 cts. each). 

10724. The Phosphate Mines of Canada, 
H. B. Small (M R-Began Feb. 24—2 parts to 
date—15 cts. each. 

10978. The Lihrig Process of Washing and 


Treating Coal. James I’Anson (I-Began Feb. 
24—I part to date—30 cts. 


RAILROADING. 
*10505. Wouldthe Pan-American Road Pay ? 


Till. Charles P. Yeatman (E Mag- April.) 
3000 w. 


10511. English Locomotives and Railway 
Management. W.H. Booth (A M-Feb. 16.) 
1400 w. 

10518. Railroads Toward the North Pole (B 


I S-Feb. 15.) 700 w. 

10527. Use of Streets for Railroad Purposes. 
—Rights of Abutting Property Owners. LL. B. 
(S R N-Feb. 18.) 1300 w. 

19536. The American Type of Freight Cars 
for European Railways (E N-Feb. 16.) 500 w. 


10540. An English View of American Rail- 
ways and Locomotives. Editorial and Letter 
(E N-Feb. 16.) 5000 w. 


+10549. ‘The New Railway Rates, J. Stephen 
Jeans (F R-Feb.) 6500 w. 

10555. An Important Railroad Project. (M 
R-Feb. 17.) 550 w. 


We supply copies of these articles. 


CURRENT TECHNICAL LITERATURE. 


10575. Trestles on the Norfolk and West- 
ern. lll. Emile Low (R G-—Feb. 17.) 550 w. 

10576. The New Orleans Bridge (R G-Feb. 
17.) 600 w. 

10577. The Western Section of the Trans- 
Siberian Railroad. Michel Nicolaevich Gher- 
cevanof (R G-Feb. 17.) 2300 w. 

*10587. The Rezende Viaduct of Old Rails. 
Ill. (A J R A-Feb.) 200 w. 

10595. Should Sleeping Car Rates Be Re- 
duced. Editorial (R A-Feb. 17.) goo w. 

10596. Railway Companies and their Em- 
ployés. O. D. Ashley (R A-Feb. 17.) 3800 w. 

10597. New Sheep Pens.—C, B. & Q. Rail- 
road. Ill. (R A-Feb. 17.) 1000 w 

*1o0598. The Los Angeles Consolidated 
Electric Railway. Ill. (S R R-Feb.) 2000 w. 

*10599. The Broadway Cable.—The Most 
Difficult Enterprise Undertaken by a Street Rail- 


way. Ill. (S R R-Feb.) 3500 w. 

*ro6o1. A Chinese Cable Line. Ill. (SRR 
-Feb.) 700 w. 

*ro602. An Argument in Favor of Ground 


Plates as Against a Continuous Copper Return. 
J. F. E. (S R R-Feb.) 2000 w. 

10603. Street Railways and the West (S R 
G-Feb. 20.) 1400 w. 

10604. The Green Electric Railway Patents. 
Ill. (S R G-Feb. 20.) 1500 w. 
10606. Safety-Couplers. 

(R R-Feb. 18.) 1800 w. 

10607. Care of Foundation Brakes. 
Howard (R R-Feb. 18.) 1850 w. 

10609. ‘The Storehouse System of the Chi- 
cago, Burlington and Quincy Railroad (R ‘R- 
Feb. 18.) 1600 w. 

10610, Interlocking and Block Signal Sys- 
tem.—C. & N. W. Ry. (R R-Feb. 18) 1500 w. 

10611. Co-operation of Railway Managers 
and Railway Commissioners. Editorial (R R- 
Feb. 18.) 800 w. 

10612. Safety Appliance Legislation, with 
Bills (R R-Feb. 18.) 2500w. 

*10613. The Lighting of Railway Trains. 
Ill. Harry Pollitt (P Eng-Feb. 10.) 2800 w. 

*10620. English Locomotives in New South 
Wales. Ill. (Eng L-Feb. 10.) 800 w. 

10652. Railways of Great Altitude in the 
Andes (Sc A S-Feb. 25.) 2600 w. 

10663. Long Electric Railroads in Ohio (E 
E N Y -Feb. 22.) 1500w. 

10690. Special Train for the Emperor of 
Austria. Ill. (E N-Feb. 23.) 1200 w. 

10693. Eight Years’ Travel over Brooklyn 
Bridge (E N-Feb. 23.) goow. 

10698. The Competitive Tests of the West- 
inghouse and New York Air Brakes on the 
N. Y. Central R. R. (E N-Feb. 23.) 6800 w. 

10703. The West Albany Brake Trials, with 
Editorial (R G-Feb. 24.) gooo w. 

10704. The National Repeating Torpedo 
Signal. Ill. J. W. Lattig (R G-Feb. 24.) 2300 
w. 


W. M. Mitchell 


Jas. 


See introductory. 
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10706. The Reading in the Hands of Re- 
ceivers, with Editorial(R G-Feb. 24.) 2000 w. 

10708. Blast Nozzles. Editorial (R G—Feb. 
24.) 1300 w. 

*10727. The Jaffa and Jerusalem Railway. 
Ill. Selah Merrill (Sc M-March.) §700 w. 

*10733. The Great Trans-Siberian Railway. 
Ill. Valerian Gribayédoff (Cos-March.) 4500 w. 

10737. The Calumet Electric Railway. Ill. 
(S R G-Feb. 27.) 1000 w. 

*10746. Electrical Block Interlocking Sys- 
tems. R. Woods (I L-Feb. 17.) 1700 w. 

10765. Rapid Transit in Boston —Address 
of Henry M. Whitrey (MG-Feb. 25.) 10,000 w. 

10766. Rapid Transit. Editorial (M G- 
Feb. 25.) 600 w. 

*10767. The Electric Railway to the Saleve 
near Geneva. Ill. (EL-Feb. 17.) goo w. 

*10782. The Shortlands and Nunhead Rail- 


ways. Ill. A. G. Drury (Eng L-Feb. 17.) 
4000 w. 
10798. Railway Labor Organizations. Edi- 


torial and List (R A-Feb. 24.) 1600 w. 

10799. Shortages in Railroad Accounts. 
E. P. Higgins (R A-Feb. 24.) 2800 w. 

*ro804. Heating Railway Carriages. III. 
(E-Feb. 17.) 1800 w. 

10831. Railway Safety Appliances. H. S. 
Haines (R R-Feb. 25.) 2600 w. 


10833. Heating Railway Cars in France (R 
Kk-Feb. 25. ) 1000 w. 


¢10848. Denver and Its Street Railways. 
(S R J-March.) 1400 w. 

10868. A Monster Locomotive. Ill. (Sc A- 
March 4.) 500 w. : 

10873. An Electric Headlight. Ill.= (EN 


Y-March 1.) 2500 w. 


10899. The Abt Rack Railway in Syria (E 
N-March 2.) 700 w. 


togot. Shocks in Air Brake Tests (E N- 
March 2.) 1000 w. 
10903. Statistics Showing the Track Laying 


of 1892, and the Prospective Railway Construc- 
tion of 1893, with Map (E N-March 2.) 7300 w. 

*togog. Cutting Eccentric Keyways Before 
Wheels Are Placed Under Engines. Ill. Fred 
s. Hill (L E-March.) 1500 w. 


“10911. Improvements at the Pittsburg Loco- 
motive Works. Ill. J. A. H. (L E-March.) 
1600 w. 

*1ogt2. Compound and Simple Engines. 


Hugh Sharp (L E-March.) 1300 w. 

*rog13. Setting Up Wedges, Keying Side- 
Rod Brasses, and Tramming Engines. G. K. W. 
E-March.) 1200 w. 

*1ogt4 The Brazilian Central 
Lewis Gleason (L E-March.) 1800 w. 

*togis. The Greater Santa Fé Trail. 
(L. E~March.) 2000 w. 

10935. The Possibilities of Fraud in Present 
Systems of Freight Accounting. A. D. Oyer 
(R A-March 3.) 1200 w. 

10936. Two Cents per Mile in Missouri. 
W. C. Brown (R A-March 3.) 2500 w. 


Railway. 
A. S. 


- road Shops. 


We supply copies of these articles. 


CURRENT TECHNICAL LITERATURE. II 


10962. Wheel Gage Limits. 
(R M M-March.) 1500 w. 

10963. The Use of Compressed Air in Rail- 
Ill. F. M. Twombley (R M M- 
March.) 1000 w. 


10964. Tests of Locomotives 
Express Service. IIl. 
M-March.) 2000 w. 

10965. Oil Furnace for Blacksmith Shops.— 
Pittsburgh, Cincinnati, Chicago and St. Louis 


Editorial. Ill. 


in Heav 
William Forsyth (R M 


R. R. Ill. (RM M-—Mareh.) 800 w. 

*10974. Railway-Carriage Warming in Eng- 
land. Ill. (I-Feb. 24.) 2000 w. 

*ro982. Electrical Railways.—Abstract of 


paper by Edward Hopkinson (I C T-Feb. 24.) 
w. 

*11003. The Railways and the Public. Edi- 
torial (1 L.-Feb. 24.) 3500 w. 

11005. A Criminal Structure. Ill. 
McNab (R R=-March 4.) w. 

11006. Signaling Plant on the New York, 
New Haven and Hartford Railroad. Ill. (R R- 
March 4.) 700 w. 


11008. ‘The Law Governing the Application 
of Railway Safety Appliances (R R-March 4.) 
800 w. 

11009. Synopsis of the New German Rail- 
way Regulations (R R-March 4.) 1200 w. 

*rro17. Electric Lights for Railway Signals. 
Ill. (E I-March.) 1300 w. 

1102t. Northern Pacific Affairs.—- Letter 
from *‘ A Stockholder’’ (R G-March 3.) 1000 w. 


11022. A Defect in Organization—Letter 
from L. E. H. (R G-March 3.) 1200 w. 

11023. The Dangers of Oil Transportation. 
Senex (R G-—March 2.) 1000 w. 

11026. The Reading Receivership. Edito- 
rial (R G-March 3.) 13:0 w. 

11027. ** A Defect in Railroad Organization.” 
Editorial (R G-March 3.) 1400 w 

11029 The Adventures of a Way-Bill. 
Thomas Coam (R G-March 3.) 1700 w. 

*11043. Progress of Cable Traction. 
orial (Inv-Feb. 25.) 3000 w, 

11047. The ‘‘ Vulcanizing” Process for Pre- 
serving and Strengthening Poles, Cross-Arms, 
Ties, etc. H.C. Myers (E A—March 4.) 700 w. 

*r1o48. Facts Concerning the Siemens Elec- 
tric Railway of the Year 1879. A. M. Tanner 
(E R L-Feb. 24.) 1000 w. 

*11054. Tube-Frame Goods Wagon. Ill. M. 
R. Jefferds (R W-Feb.) 2800 w. 

*11055. Railway Freight Rates in England 
and America. M. R. Jefferds (R W-Feb.) 
1400 w. 

11092. The Monte-Generoso Rack Railway. 
(E N-March g.) 450 w. 


11093. Uniformity in Freight Car Draft 
Gear (E N-March 9g.) 2500 w. 


Quintin 


Edit- 


Serials. 


5219. The $350,000 Cable Road and the 
$46,000 Electric Road. Cable Railways (S R J- 
Began July—s parts to date—45 cts. each). 


See introductory. 
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9739. New Railways in Spain. Ill. (I 
L-Began Jan. 6—2 parts to date—3o cts. each), 

10111. The Liverpool Overhead Railway. 
Ill. (E E L-Began Jan. 20—Ended Feb. 10—3 
parts—30 cts. each). 

10378. The Evolution of the Railroad Turn- 
table. Ill. C. A. Greenleaf (R G-Began Feb. 
10—2 parts to date—15 cts. each). 

10446. Permanent Way for Viaducts. Ill. 
Herbert Tatham Procter (R R-Began Feb. 11— 
Ended March 4—2 parts—15 cts. each). 

*10502. English and American Railways. 
Wm. M. Acworth (E Mag-Began April—1 part 
to date—30 cts). 

“10709. Strikes or No Strikes (R G-Began 
Feb. 24—2 parts to date—15 cts. each), 

11007. Transcontinental Railways. Edward 
P. Vining (R R-Began March 4--1 part to date 
—I5 cts). 


SANITARY ENGINEERING. 


10694. The Effect of Frost on the Sewage 
Filtration Beds at South Framingham, Mass. 
(E N-Feb. 23.) 650 w. 

10696. The Use of Sewage for Irrigation in 
the West. Editorial (E N-Feb. 23.) 1400 w. 

10728. Plumbing for a City House. Ill. 
(Met W-Feb. 25.) 2300 w. 

10755. Heating and Ventilation of a Balti- 
more Church. Ill, (E R-Feb. 25.) 1800 w. 

t10903. The Need of Sanitary Supervision 
of Schools. Jerome Walker (San-March) 6000 w. 

*10921. Notes on Sewage and Sewers. Louis 
H. Gibson (P-March) 1800 w. 

10944. Importance of Pure Water. Henry 
Stewart (Am A-March.) 1300 w. 

10973. The Dangers of City Refuse (Eng- 
March 4.) 1300 w. 


Serials. 


5358. Sewage Purification in America (E N- 
Began July 14—23 parts to date—15 cts. each), 

8127. Ventilation and Heating. John S. 
Billings (E R-Began Nov. 19—4 parts to date— 
15 cts. each). 

10425. A Healthy Home. Francis Vacher 
(S R-Began Feb. 1—2 parts to date—30 cts, 
each). 

10557. Sewage Treatment and Sludge Dis- 
posal. W. Santo Crimp (E R-Began Feb. 18— 
Ended March 4—3 parts—t5 cts. each). 

10641. Purifying Water for Ilousehold Sup- 
ply (S P-Began Feb. 15—1 part to date—15 
cts). 

10942. The New York Plumbing Regula- 
tions. Arthur Howell Napier (KE R-Began 
March 4—1 part to date—I5 cts). 


STEAM ENGINEERING. 
10521. Marine Engines on Land (S V-Feb. 
15.) 1000 w. 
10546. Spring Safety Valves (S E-Feb. 11.) 
1000 w. 


10547. Inspection and License Law. John 
A. Davis (S E-Feb. 11.) goo w. 


CURRENT TECHNICAL LITERATURE. 


*10570. Cylindrical Boilers.—A Successful 
Plan for Increasing Their Efficiency. Ill. 
James Pollock (C E-Feb.) 1600 w. 

*1o589. Grates (A J R A-Feb.) 1500 w. 

10594. Setting Engine Valves. Ill. (B J C- 
Feb. 18.) 2300 w. 

*10621. The Mystery of Steam. Letters of 
Robert Mansell and William Donaldson (Eng 
L-Feb. to.) 2000 w. 

10705. Some Thoughts on Boiler Inspec- 
tion. John Hickey (R G-Feb. 24.) 1400 w. 

10762. The Steam Engine Indicator, Ap- 
plied to an Unevenly Balanced Engine (B J C- 
Feb. 25.) 550 w. 

10763. Boiler Feed Pipes (B J C-Feb. 25.) 
1000 w. 

10764. Steam Power’s Discoverer.—The 
Painful Story of Samuel Caus (B J C-Feb. 25.) 
600 w. 

*1o790. Winding Engines (C G-Feb. 17.) 
1800 w. 

*10826. Hot Water Storage. W. H. Booth 
(E R L-Feb. 17.) 1000 w. 

10879. Deterioration of Condenser Tubes in 
the United States Steamship ‘‘ Baltimore” (Ir 
Age-March 2 ) 1800 w. 

10886. Waste Steam Injectors. W. H. 
Booth (A M-March 2.) 1300 w. 

*1og10. Heat and Combustion. Angus Sin- 
clair (L_ E-March.) 2800 w. 

*10916. Manipulating Boiler Plates (L. E- 
March.) goo w. 

1og4o. Flue Temperatures as Affected by 
Firing. Ill. David M. Greene (E R-March 
4.) 450 w. 

10950. The Strength of Shafting (B J C- 
March 4.) 1200 w. 

10951. Steel Boiler Tubes.—Will They 
Supersede Iron? (B J C-March 4.) 700 w. 

10952. A Corliss Valve: Trouble. Ill. (B J 
C-March 4.) 500 w. 

10972. Sequence of Cylinders and Cranks in 
Triple Expansion Marine Engines. W. 
Winterburn (Eng—March 4.) 1500 w. 

11071. Injector Notes—Ejector Condensers. 
W. H. Booth (A M-March g.) 1500 w. 

Serials. 

7456. The Locomotive Boiler. Ill. Gustav 
Richard (A J R A-Began Oct.—4 parts to date 
—30 cts. each). 

10664. Apparatus for Determining the 
Amount of Waterin Steam. W. RK. Cummins 
(I L-Began Feb. 1o—Ended Feb. 17—2 parts 
—30 cts. each), 

10681. Compound Expansion Engines (Ir 
Age-Began Feb. 23—1 part to date—15 cts). 

10726. The Development of the Steam Fn- 
gine (M R C-Began Feb. 23—2 parts to date—- 
15 cts. each), 

10946. Hints. W.H. Wakeman (M G-Be- 
gan March 4—1 part to date—15§ cts). 

11001. Thermodynamic and Adiabatic Dia- 
grams of Water and Steam. Ill. R. H. Smith 
(1 L-Began Feb. 24—1 part to date—3o0 cts). 


We supply copies of these articles, See introductory, 
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11085. The Causes of Corrosion in Steam 
Boilers. William H. Edgar (S E-Began March 
4—I part to date—1I5 cts). 


TELEPHONY AND TELEGRAPHY. 


10512. The Crowning Achievements of the 
Telephone (Sc A- Feb. 18.) 1000 w. 

10519. The Death of Dr. Norvin Green. III. 
(E W-Feb. 18.) 800 w. 

*10529. One Use for the Telephone. Ill. 
F. S. Marsh (E E L-Feb. 3 ) goo w. 

10649. The Berliner Microphone Patent. 
Editorial (Sc A-Feb. 25.) 1400 w. 

10680. The Submarine Cable Systems of the 
World (Ir Age-Feb. 23 ) 10co w. 

10702. Berliner Telephone Litigation. Edi- 
torial (W E-Feb. 25.) 2800 w. 

*10768. The Latest Telegraph Statistics (E 
L-Feb. 17.) 400 w. 

10819. The Telephone.—Its Legal History 
and Commercial Condition Presented by a Mas- 
ter Hand. Grosvenor P. Lowry (E R N Y-Feb. 
25.) 3500 w. 

10822. Telephone Improvement (E R N Y- 
Feb. 25.) 950 w. 

*10828. The Chin Column Telegraph Expe- 
dition. F. E, Dempster (E R L-Feb. 17.) 
4200 w. 

10839. ‘The Famous Bell Patent. Ill. (E R 
N Y-March 4.) 3000 w. 

*r1051. An Improved Telephone Switch- 
board System. Ill. (E R L-Feb. 24.) 1100 w, 
Serials. 

6515. Notes on Submarine Cable Work. Ill. 
H. D. Wilkinson (El-Began Sept. 2—Ended 
Feb. 17--10 parts-—30 cts. each). 

10285. Inaugural Address of W. H. Preece 
(E E L-Began Jan, 27--Ended Feb. 3--2 parts 
cts. each), 

10470. The Theory of Submarine Cable Lay- 
ing. G. W. Littlehales (E E N Y-Began Feb. 
15—-Ended Feb. 22—2 parts——15 cts. each). 

10669. The Telephone Situation (E W-Be- 
gan Feb. 25—2 parts—I5 cts. each). 


MISCELLANEOUS. 


*roso1. A Decade of Marvelous Progress. 
R. H. Edmonds (E Mag-Apiil.) 3000 w. 

*10506. Kefrigeration from Central Stations, 
John E. Starr (E Mag-April.) 3000 w. 

*10507. Conditions of Forestry as a Busi- 
ness. W. J. Beal (E Mag-—April.) 3000 w. 

*roso8. An Early Engineering Magazine. 
Hylaud C, Kirk (E Mag-April.) 3000 w. 

*10509. The Past and Future of Engineer- 
ing. Gordon B. Kimbrough (E Mag-—April.) 
3000 w. 

10515. Motors for Aerial Machines. Ab- 
stract from a Lecture by O. Chanute (Sc A S- 
Feb, 18.) 2500 w. 

10522. Will We Navigate the Air? Til. 
Hiram Maxim (S V-Feb. 15.) 3000 w. 

¢10581. Commercial Unity with the Colonies, 
Augustus Loftus (N C-Feb.) 3000 w. 


CURRENT TECHNICAL LITERATURE. 


We supp'y copi-s of these ert 
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*10617. Municipal Contracts. Alfred H. 


Gibbings (E R L-Feb. 10.) 1600 w. 


*10626. The Wiborgh Luft (Air) Pyrometer. 
Emanuel Trotz (C G-Feb. 10.) 1500 w. 

10655. Attacks on City Parks (G & F-Feb. 
22.) 1200 w. 

*10685. The Onyx Deposits of Cave Creek, 
Arizona. George P. Merrill (S-Feb.) 700 w. 

10699. The Art of To-day. C. F. A. Voysey 
(A & B-Feb. 25.) 2200w. . 

+10719. The Science of Municipal Corrup- 
tion (F-March.) 4000 w. 

10722. An Appeal to Retire Government 
Paper Money. M. Briihl (¥-March.) 2200 w. 

*10732. In Our Cotton Belt. Ill. H. S. 
Fleming (Cos-March.) 4500 w. 

*10734. An _ Italian Campo Santo. 
Murat Halstead (Cos—March.) 3500 w. 

10754. The Status of the Engineering Pro- 
fession. H. F. J. Porter(E R-Feb. 25.) goo w. 

10760. Brief Historical Review of the Lakes 
and Gulf Waterways. J. R. Leighty (R T- 
Feb.) 1200 w. 

10777. The Downfall of the Hawaiian 
Monarchy. William T. Brigham (B C-Feb. 25.) 
1800 w. 

*10796. On Pottery Glazes: Their Classi- 
fication and Decorative Value in Ceramic Design. 
Ill. Wilton P. Rix (J S A-Feb. 17.) 1300 w. 

*ro805. The Commercial Aspect of an 
Engineer’s Training. Editorial (E-Feb. 17.) 
1200 w. 

*to80g. The Future of Sculpture (A L—Feb. 
17.) 2000 w. 

¢10850. American Farming A Hundred 
Years Hence. J. M. Rusk (N A R-March.) 
2800 w. 

¢10851. The Sandwich Islands.—I. The 
Advantages of Annexation. Lorrin A. Thurston. 
Il. Is It Constitutional? George Ticknor 
Curtis (N A R-March.) 8200 w. 

+10852. Modern Insurance and Its Possibili- 
ties. Rk. A. McCurdy, J. L. Greene, Sheppard 
Homans, and Clarence H. Kelsey (N A R- 
March.) 7200 w. 

¢10854. England in the Orient. Arminius 
Vambeéry (N A R-March.) 2000 w. 

+10855. National Banking and the Clearing 
House. A. B. Hepburn (N A R-March.) 
4200 w. 

*10856. America in Hawaii. Ill. Sereno 
Bishop (R of R-March.) 4800 w. 

*10857. Englandin Egypt. Ill. (R of R- 
March.) 6300 w. 

10867. The Manufacture of Dynamite. Ill. 
Maxime Vuillaume (Sc A-March 4.) 2000 w. 

10876. The Principles of Economic Legisla- 
tion. Edward A. Ross (P A—March 1.) 1600 w, 

*10896. The Recent Survey in St. Louis.— 
Its Methods and Results. Ill. B. H. Coiby 
(J A ES-Jan.) 14,000 w. 

10904. Asphalt Pavements.-How They 
Should Be Cleaned (E N-March 2.) 2600 w. 

10g1g. Some Causes of Failure of Heating 


tictes. Sve introductory. 
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Apparatus. Franklin Van Winkle (A Ar-March 
4.) 1700 w. 

10925. The Fuel Question. Editorial (A M 
& I W-March 3.) 1000 w. 

10937. ‘‘ The Status of the Engineering Pro- 
fession.” Peter Milne (I) W-March 4.) goo w. 

10941. Test of a Hot Water Heating Plant. 
Ill. (E R-March 4.) 3000 w. 

10947. Value of Spruce Forests. Editorial 
{M G-March 4.) 1100 w. 

10948. The Distinction Between the Patent 
Systems of the United States and Those of Other 
Countries, A. Steuart (I Age-March.) 3800 w. 

10949. On the Wing.—Imitation of Birds 
and [nsect Flight. Ill. Si. O. Bud (I Age- 
March.) 500 w. 

10953. The Fuel Oil Plant at the Columbian 
Exposition. Ill. (P S-—March.) 2200 w. 

Engineering Progress. Alfred E. 
Hunt (R R-March 4.) 1600 w. 

Perpetual Motion Infatuation. Edi- 
torial (M R-—March 3.) goo w. 

11030. Carelessness in Pipe Fitting (Met W- 
March 4.) 3500 w. 


CURRENT TECHNICAL LITERATURE. 


11032. An Aboriginal Soapstone Quarry 
(M & B-Feb.) 1000 w. 

11095. The Use of Burlap for Levee Pro- 
tection During High Water. E. J. Chamber- 
lain (E N-March g.) 800 w. 


Serials. 


g401. World’s Columbian Exposition (E N- 
Began Jan. 5-3 parts to date--15 cts. each). 


9519. Municipal Equipment and Engineer- 
ing of Paris Jas. W. Howard (P-Began Jan.-- 
Endec March--3 parts—30 cts. each). 

9745. American Industries and British Com- 
merce (E-Began Jan. 6-6 parts to date—3o0 
cts. each). 

9851. The Glass Industry. Ill. C. Han- 
ford Henderson (P S M-Began Feb.—Ended 
March—2 parts—45 cts. each), 

10490. The Diffusion of Light. W. E. 
Sumpner (El-Began Feb. 3—Ended Feb. 17— 
3 parts—30 cts. each), 

10535. Notes from the Engineering Schools 
(E N-Began Feb. 16—3 parts to date—15 cts. 
each). 


NEW BOOKS OF THE MONTH. 


{For the convenience of readers any American books will be supplied at publishers’ prices by The 
Engineering Magazine Co. Foreign books, 25 per cent. extra, ] 


Abbe, Cleveland.=The Mechanics of the 
Earth’s Atmosphere: A collection of transla- 
tions. Washington, C. : Smithsonian Institu- 
tion. [Paper, 327 p.] 

Bankson, Lloyd.=Slide-Valve Diagrams: A 
French Method of Obtaining Slide-Valve Dia- 
grams. New York: D. Van Nostrand Co. 
{16mo, boards, 50c. } 

Baye, J. de.=The Industrial Arts of the An- 
glo-Saxons: From the French, by T. B. Har- 
bottle. New York: Macmillan. [Folio, cloth, 
181 p., $7.] 

Bedell, Frederick, and Crehore, Albert C.= 
Alternating Currents: An Analytical and 
Graphical Treatment for Students and Engi- 
neers. New York: W. J. Johnston Co. [8vo, 
325 p., $2.50.] 

Bonney, G. E.=Electrical Experiments: A 
Manual of Instructive Amusement. New York: 
Macmillan. [12mo, cloth, 265 p., 75c.] 


Bottone S. R. =Howto Manage the Dynamo : 
A handbook for ship engineers, electric light 
engineers, and electro-platers. New York : Mac- 
millan. [12mo, cloth, 65 p., 60c.] 

Gilbert, W.=On the Lodestoneand Magnetic 
Bodies, and on the Great Magnet of the Earth : 
a translation by P, Fleury Motlelay. New 
York: Wiley. [8vo, cloth, 384 p., $4.] 

Gray, Andrew.=The Theory and Practice of 
Absolute Measurements in Electricity and Mag- 
netism. New York: Macmillan. [12mo, cloth, 
$6.25.] 

Hett, C. L.=The Turbine Manual and Mill- 
wright Handbook. New York: Spon., [8vo, 
paper, 8oc. } 


Hiles, Theron L.=The Ice Crop: how to 
harvest, store, ship, and use ice. New York: 
Orange Judd Co. [12mo, cloth, 125 p., $1.] 

Infantry Drill Regulations, U.S. Army ;— 
With Interpretations of 250 Pars: by the Ke- 
corder of the Tactical Board. New York: 
Army and Navy Journal, Appleton. [32mo, 
paper, 398 p., 30c. 

Jeffrey Manufacturing Co., Columbus, O.= 
Elevating and Conveying Machinery. A new 
catalogue for 1893, elaborately illustrated and 
so replete with tabulated statistics and practical 
information that it may rightly be called a text- 
book covering the whole broad field. [8vo, 
paper, 260 p., free on application to the firm.] 

Kundsen, Augustus. = Triangular Surveys 
from Single Stations. San Francisco: Brunt & 
Co. [32mo, paper, 32 p., $1.] 

La Rue, B. F.=A Graphical Method for 
Swing-Bridges. New York: D. Van Nostrand 
Co. [16mo, boards, 50 cts. ] 

Nasmith, Jos.=Students’ Cotton Spinning. 
a1 York: D. Van Nostrand Co. [12mo, cloth, 
$3. 
Reece, Benjamin.=‘‘ Railway Specialties.” 
Vol. I. No. 1. A humorous periodical, modeled 
after ‘‘ Life”; elaborately and takingly illus- 
trated, and designed for the entertainment of 
railroad men, while at the same time making 
known the virtues of certain railway appliances. 
An original and striking publication which every 
railroad man should possess. [Sent free on ap 
plication. The Q. &C. Co., Chicago-NewYork. ] 

Water Tower, Pumping and Power Station 
Designs: The Engineering Record’s 34 Prize 
Designs. [4to, cloth, $2.] 


We supply copies of these articles. See introductory, 
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